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PEE FACE 


The present part of Quain’s Anatomy is intended to serve as a Text-book 
OF Microscopic Anatomy. With this view, the subject-matter has been 
re-arranged and re-written, and a large number of new figures added. Many 
are original, the rest are from various sources. Acknowledgment is due 
to the authors and publishers who have given consent to the use of their 
illustrations, and especially to Professor J. Sobotta, who has permitted a 
number of his coloured figures of human tissues and organs to be reproduced 
for this work in the form of lithographic plates ; to these have been added 
other coloured plates of drawings by Mr. Richard Muir, from specimens 
furnished by the author. The wealth of illustration provided by these and 
by the numerous te.xt-figures will, it is hoped, add to the interest as well as 
to the value of the work. 

The chapter dealing with the structure of the Vascular System is by 
Professor G. Mann of Tulane University, New Orleans. 

The Index has been prepared by Or. John Tait of Edinburgh University, 
who has also assisted in reading the proofs. 


E. A. SCHAFER. 


Edinburgh: March 1912. 
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Corrigenda 


Page 10, line 4, jor bioplasts read bioblasts. 

,, 18, lino 5, for cytomytomo read cytomitome. 

,, 22, footnote 2, for Fleming read Flemming. 

,, 32, line 12, for astrophercs read astrospherc's. 

,, 168, line 2(1, for p, 127 read p. 117. 

,, 188, footnote 3, for Meiggs read Meigs. 

,, 189, lino 34, for Frohmann read Frommann. 

,, 2(X), line 29, ornit the larger. 

,, 200, footnote 3, for Herring read Hering. 

,, 238, add From a preparation by H. Pringle after description of fig. 371^. 
,, 264, line 3, for fig. 412 read fig. 415. 

,, 271, lino 7, for 8olokoflE read Sokololf. 

,, 373, footnote 3, for Sieman read Seemann. 

,, 361, add (Mann) after description of fig. 540. 

,, 414, last line but one, for Seeman read Seeniann. 

„ 482, footnote, for Advanced read Schafer’s. 

,, 042, line 22, for Schlacter read Schlachta. 

,, 044, lino 10, for There read These, 

„ 070, footnote 1, for Arch. f. Int. Med. read Arch, of Int. Med. 

,, 670, footnote 0, for Halstead read Halsted. 

„ 674, lino 2, for Fig. 979 read Fig. 980. 

,, 684, line 7 from bottom, for and read which. 

„ 084, line 0 from bottom, for form read forms. 



GENEEAL ANATOMY 



HISTOLOSY. 

Definition and division of the subject. — The microscopic anatomy of 
the body is known as histology — from lo-ro?, a web or tissue — since the various 
organs which compose the body are made up of several textures or tissues. It is 
necessary to preface the description of the microscopic structure of the organs by 
an account of the structure of these tissues. 

Four principal kinds of tissue — the four elementary tissues — are enumerated, viz. 
epithelial, connective, muscular, and nervous, but varieties of each of these 
are met with. Most organs are formed of more than one tissue, the connective tissues 


Fio. 1 . — Epidebmis cells of a larval salamander. 
Magnified 400 diameters. (E. B. Wilson.) 


Three of the cells are undergoing division. The intercellular channels are bridged 
across by fine fibres. At one place a branched pigment-cell is lying between the 
epithelium-cells. 

especially being widely distributed and entering into the composition of nearly all 
parts of the body. It is the preponderance of one or other tissue and the arrange- 
ment of the tissue elements which characterises the structure of the various 
organs. Some organs are formed so largely of a single tissue that in describing the 
structure of the constituent tissue one almost necessarily describes the structure 
of the organ itself ; whereas other organs, chiefly on account of their greater com- 
plexity, require a description apart from that of the tissues composing them. The 
subject thus tends to arrange itself into two parts, one {histology proper) dealing with 
ypL. II. PART 1. “I 
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INTRODUCTORY 


the elementary tissues in general, and the other (histological organology) dealing 
with their arrangement to form the organs. Further, some organs are strictly 
localised, whilst others, on the contrary, are widely distributed (‘ general systems,’ 
Bichat). Examples of the latter class are the blood-vessels, lymph-vessels, and 
nerves ; which all penetrate into, and thus come to form, constituent portions of 
most parts of the body. Other organs, again, while less generally diffused, are not 
confined to one place, but occur in many situations ; with local modifications, it is 
true, but nevertheless with sufficient uniformity of structure to warrant their being 
described together. Examples are met with in the lymphoid organs, in internally 
secreting glands, in externally secreting glands, in serous, synovial, and mucous 
membranes, and in the membrane which forms the general integument. It will 
be convenient to consider these after the elementary tissues are described. 

All the tissues and organs of the 
body are formed of cells (fig. 1), be- 
tween which is found a variable 
amount of intercellular substance, 
which in some tissues may be not in- 
considerable, whilst in other cases the 
cells may touch one another, or even 
come into complete continuity (fig. 2). 
This is not unfrequently the case with 
the branches of adjacent cells. When 
the continuity of the cell-substance 
is complete the congeries of cells re- 
ceives the name of syncytium. 

The life of the tissues is dependent 
upon that of the cells, which govern 
all metabolic changes within the body. 
These changes are the actual source 
of all vital phenomena, including 
development and growth ; and since 
growth and chemical changes proceed 
in intercellular substance as well as in 
the cells themselves, it is believed by 
some authorities that intercellular sub- 
stance is also formed of living matter.^ 
But the cells are capable of forming 
fresh intercellular material, and of 
causing chemical changes in that which 
is already formed, even although it is 
not immediately in contact with their protoplasm, through the agency of chemical 
substances (metabolites, enzymes) which they produce, so that it is not necessary 
to assume that the changes which occur in intercellular substance are brought 
about by its own activity. It is at any rate certain that intercellular substance 
shows no such changes apart from the cells which belong to it. 

The cells which constitute the body must be regarded as all exhibiting a period prior to 
differentiation, a period of differentiation, and a period of regressive metamorphosis which 
ultimately leads to the death of the coll.- In some colls the whole life- history is comprised 
within a limited time, the degenerated cells being either absorbed or cast off : the blood- 
cells and the cells of stratitiod epithelia furnish examples of these. In other cells their life-history 
is coterminous with the life of the individual, as in the case of nerve-cells and muscle-cells. 

1 Cf. F. Mall, Amer. Journ. Anat. i. 1901-2, and M. Heidenhain, Plasma u. Zelle, 1907. 

* C. S. Minot, Science, xiii. 1901, p. 401. 



Fio. 2.— Mesoderm cells of rabbit embryo, 
UNITING to form A SYNCYTIUM. (MaximOW.) 

ordinary mesoderm cells ; w', a cell in 
karyokinesis; /, a lymphocyte. 




DEVELOPMENT OF THE TISSUES 


Bevelopment of the tissues. — The whole of the animal body with all its 
organs and tissues is developed from a single cell, the ovum (fig, 3). This after 

conjugation (fertilisa- 

' vesicle is 
* * composed are termed 

TROLiGERus. (Vail der stricht.) collectively tlic blasto- 

derm, and are named 

respectively from without in, ectoderm, mesoderm, and entoderm.^ All 
are at first composed exclusively of undifferentiated embryonic cells, but as 
development and growth proceed these cells 

become variously modified structurally and « 

chemically, and gradually produce or build up 

the several tissues of which the body is f I 

ultimately composed. A study of their develop- i i ]‘ 

ment shows that, speaking generally, certain * ! 

tissues are formed out of each layer of the / \ r/ 

blastoderm, and we may thus classify the tissues / 

according to the layer from which they originate, / ' 

as ectodermic, mesodermic, and entodermic.- ' a J 

The histogenetic connexion which is thus \ / 

established between the blastoderm layers and t 

the several tissues is expressed in the appended V. \ - ] 

table. \ I 


' For tho formation of the blastoderm, see Embryology. 

By this classification it is by no means implied that a 
tissue can only be produced by the cells of one blastodermic 
layer, for there are cases in which a tissue which is normally 
formed by cells from one layer of the blastoderm may be 
regenerated by cells of a different origin. Some tissues, 
e,gf. stratified, ciliated, and glandular epithelia, are normally 
formed either from ectoderm or entoderm, and plain muscle, 
which is ordinarily of mesodermic origin, is develojied in 
certain situations from ectoderm. Cf. on this subject, A. v. 
Szily, Anat, Hefte, xxxiii. 1907. Minot (‘Address to the 
Association of American Anatomists,’ Amer. Journ. Anat. iv. 
1905) insists that ‘each germ Viyer produces its own specific 
set of tissues, which are not duplicated by the tissues of any 
other germ layer.’ It is obvious that this statement must be 
accepted with certain reservations. 


Pig. 4.-— I. A cell op testicle 
(spermatid) developing into a 

SPERMATOZOON. (Niessing.) 

a, tail-filament growing out from 
centriole. 


II. Human spermatozoon in pro- 
file AND VIEWED ON THE PLAT. 
(Retzius.) ' 

b, head formed of cell-nucleus; 
c, middle piece, formed from cell- 
protoplasm; d, tail; e, end-piece of 
tail. 
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ORIGIN OF THE TISSUES 


Tissues derived from ecUxierm. 

The epidermis and its deriva- 
tives — viz. hairs, naiJs, epithe- 
lium of sebaceous, sweat, and 
mammary glands, including 
also the plain muscular tissue 
of the sweat-glands. 

The epithelium of the mouth 
and its derivatives — viz. the 
enamel of the teeth ; the taste- 
buds ; the epithelium of the 
salivary and other glands 
which open into the mouth ; the 
epithelium of the anterior and 
intermediate parts of the pitui- 
tary body. 

'I’hc epithelium of the anus 
and of part of the anal canal. 

The epithelium of the distal 
portion of the male urethra. 

The epithelium of the nasal 
fossce, and that lining all the 
cavities in the cranial bones 
which communicate with them ; 
the epithelium of the glands of 
the nasal mucous membrane ; 
the olfactory epithelium. 

The epithelium covering the 
front of the eye, lining the 
eyelid and continued along the 
lacrymal canals to the nasal 
fossae. The epithelium of the 
lacrymal glands. 

The crystalline lens. 

The epithelium lining the 
membranous labyrinth of the 
ear, including the sense-cells 
of the maculae and crista*, and 
those of the organ of Corti. 

The epithelium lining the 
central canal of the spinal cord 
and the aqueduct of Sylvius ; 
also lining the third, fourth, and 
lateral ventricles of the brain. 

Neuroglia cells and fibres. 

All nerve cells and fibres, 
whether within the central 
nervous system or in the 
ganglia or in peripheral nerves. 

The retina of the eye. 

The epithelium of the ciliary 
region, and that covering the 
back of the iris. The muscular 
tissue forming the sphincter 
and dilatator pupilla?. 

Certain ductless glands and 
parts of those glands, such as 
the pineal, ^ne posterior lobe 
of the pituitary and the medulla 
of the suprarenal capsules, as 
well as other small glands 
of like nature (paraganglia) 
derived from the sympathetic. 


Tissues derived from mesoderm. 

The epithelium of the cap- 
sules of Bowman, and of the 
convoluted, looped, and junc- 
tional tubules of the kidney. 
The epithelium of the ureters 
and renal j^clvcs, and of the 
collecting tubules of the kidney. 

The cortex of the suprarenal 
capsules. 

The epithelium of the ducts 
of the testis, that of the 
ovary and Fallopian tubes, 
uterus and greater part of the 
vagina. Also that of the pro- 
static vesicle in the male. 

The generative products in 
both sexes.' 

All the connective tissues, 
including areolar, fibrous, elas- 
tic, reticular, adipose, cartilage, 
bone, and dentine. 

The endothelium (mesothe- 
lium) lining the vascular and 
lymphatic systems. 

The corpiiscles of the blood 
and lymph. 

The blood- and lymph- 
glands, including the spleen, 
the lymph - glands and lyni- 
phoid organs in general, and 
the ha*mal lymph -glands.- 

All muscular tissue, except 
the plain muscle of the iris and 
of the sweat-glands, the origin 
of which is ectodermic. 


Tissues derived from entoderm. 

The epithelium of the 
pharynx, oesophagus, stomach, 
small and large intestines, and 
all its derivatives, including the 
epithelium of the small glands 
of the mucous membrane and 
that of the large glands which 
open into the intestine — viz. 
the pancreas, and the liver with 
its gall-bladder. 

The epithelium of the Eusta- 
chian tube, and that lining the 
cavity of the tympanum. 

The epithelium of the larynx, 
trachea, bronchial tubes, and 
pulmonaiy alveoli. 

The epithelium of the thyroid 
vesicles and of the parathy- 
roids. 

The reticulum and the 
concentric corpuscles of the 
thymus. 

The epithelium of the female 
urethra, of the proximal part 
of the male urethra, and of the 
urinaiy bladder. 

The epithelium of the pro- 
static glands and of the glands 
of Cowper in the male ; of the 
lowest part of the vagina (vesti- 
bule) and glands of Bartholin 
in the female. 


^ The germ-cells from wliich the s(>xual (!ells are eventually 
formed are found in some animals to be differentiated from the 
remaining cells resulting from division of the ovum even before 
there is a distinction into blastodermic layers. In a sense, there- 
fore, they may be regarded as sui (jeucris and independent of 
tliese layers. But since in man and all the higher animals they 
are found in the wall of the coelom — which unquestionably belongs 
to the mesoderm— these cells may, with reservation, be included 
amongst the mesodermic tissues. 

^ The connective tissues, the plain muscular tissue, the endo- 
thelium of the vascular and lymphatic systems (including that of 
tlie serous membranes), as well as the blood- and lymph-cor- 
puscles, constitute a special class of mesodermic tissues, derived 
from loosely arranged cells which have become budded off from the 
layers of cells which form the mesoderm proper. To these loosely 
arranged and often much-branched cells the name parablast (His), 
or mesenchyme (R. and O. Hertwig), has been given, and the 
tissues which are formed from these cells are often termed the 
mesenchyme tissues. But it is doubtful if there is any valid 
reason for this segregation from the rest of the tissues formed from 
mesoderm. In tlie Embryology (vol. i.) the term mesenchyme is 
used to denote the blastema of the connective tissues. 



aENEKAL STRUCTURE OF TISSUES 


6 


General structure of the 

explained, originally derived from 
modified to form permanent con- 
stituents of the tissue. In some 
tissues other constituents are 
formed in the intercellular sub- 
stance, the relation of which to 
the cells has been already noticed. 
If the intercellular substance is in 
considerable amount (fig. 5) it is 
termed ground- substance', as in 
ordinary connective tissue, in car- 
tilage, in bone, and in dentine. 
When, on the other hand, it is 
met with only in very small 
amount (fig. 6), it has been termed 
cement - substance, since it serves 
merely to cement the cells to- 
gether. Intercellular substance 
varies in consistency in different 
tissues, being in some nearly or 
entirely fluid in character, whilst 
in others it has acquired consider- 
able rigidity, as in cartilage ; or 
it may even become hard and 
calcified, as in bone and dentine. 
But, wherever occurring, the pres- 
ence of intercellular substance can 
always be exhibited by the method 


tissues. — All the tissues are, as has just been 
embryonic cells, and, in all, these cells become 



























Pia. 5 . — Akticular cartilage prom head of 
METATARSAL BONE OP MAN. 340 diameters. 
(Schafer.) 

a, group of two cells ; h, group of four cells ; 
h, protoplasm of cell, with < 7 , fatty granules ; n, nucleus. 



of staining devised by v. Recklinghausen, which consists in subjecting the fresh tissue 
to thr action of a solution of silver nitrate and subseqiif ntly exposing it to sunlight. 






Fja. 7. — AiiKOf.^ui TISSUE rnEPAiiED ey Rkcklinohausen’s silvkk method. 
(ScJiufer.) Pliotograph : niaguifiecl 200 diainetcfs. 

Tho cells are scon as clear spaces iu the (brown) stained ground-substance, 
through which the fibres course. 


GENERAL STRUCTURE OF TISSUES 


Under these circumstances a fine deposit of reduced silver is produced in all inter- 
cellular substance, which shows brown or even nearly black in consequence, thus 
contrasting with the material of which the cells themselves are composed, which 


Fig. S. — Si.c i O'N of wjhi’k I'liiUo-CAUTn.AOK. (SchiifciM 1 'hol()gra[)li ; M ' . I 
The ground-substance is pervaded by wavy connective-tissue fibres. 


diameters. 


remains entirely colourless (fig. 7. See also the plate opposite p. 102).^ Under 
the agency of the cells, fibres of various kinds may be formed within intercellular 

1 A. S. Dogiel (Arch. f. mikr. Anat. xxxiii. 1889) has shown that a similar effect— i.c. staining of 
intercellular substance alone— may be obtained by impregnating a tissue with strong solution of 
methylene blue and afterwards washing in diluted picrate of ammonia. 
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substance (fig. 8) ; these fibres, which form part of the elementary constituents 
of the tissue^ may either grow out from the cells and afterwards lose connexion 
with them, or they may be simply deposited in the ground-substance, without 
being directly connected with the cells of the tissue ; fibres of this kind — i,e. 
coursing through the intercellular substance without direct connexion with the 
cells — are, at least in the adult, characteristic of the connective tissues. In 
epithelium, on the other hand, such fibres as occur in the intercellular substance 
bridge across it, passing from cell to cell and serving the purpose of connecting 
the cells of the tissue together (fig. 9). In some situations where this arrange- 
ment occurs, as in tlie deeper layers of a stratified epithelium, the intercellular 
substance may be merely a sort of lymph,’ such as bathes all the living tissues, 
and not of the nature of a firmer cementing material such as may be assumed to be 
present when these bridging fibres are absent. But, as Flemming has pointed out, 
it differs chemically from lymph such as occurs in lymph-vessels in the fact that it 
becomes darkly stained by Recklinghausen’s silver-nitrate method. In epithelium, 



Fig. 9. — Cells of a sthatified epithelium (epidekmis) with fibrils bbidoino across 
THE intercellular SPACES. (Ranviur.) 

a cell-nucleus ; /, bridging fibrils. 


as in connective tissue, tliere may be, and probably are, varying degrees of firmness 
of the intercellular substance, but it never, as does that of bone and dentine, 
undergoes calcification, with the possible exception of the cement-substance between 
the prisms of the enamel of the teeth, which has sometimes been looked upon as 
furnishing an example of calcified intercellular material. 

l>ifferentlatlon. — The changes which take place in and by means of embry- 
onic cells in the production of tissues are collectively termed histogenesis. Great 
variations are found to occur in the tissues regarding the amount of differentiation 
which their cells undergo. Some cells, such as the lymph-corpuscles (lymphocytes), 
retain throughout their whole life-history most of the characters of undifferentiated 
cells ; others, such as the cells of nervous and muscular tissues^ become so 
greatly modified that tl^e original structure of the constituent cells is completely 
obscured ; while others again, such as the cells of the connective tissue and many 
epithelial cells, occupy an intermediate position in the scale of differentiation. 

' Flemming, Anat. Hefte, vi. 1896; Waldeyer, Arch.^f. mikr. Anat. Ivii. 1901. 
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Difierentiation of a certain sort begins to show itself very early in the development 
of the ovum ; so that different kinds of embryonic cells are distinguishable, even 
before the blastoderm is fully formed, and even, with some ova, during the first 
stages of segmentation. By the time the blastodermic layers are laid down, there 
is always a clear distinction in the character of the cells which compose them : the 
ectoderm and entoderm appearing as layers of connected cells which have already 
the appearance of epithelial tissue, although without the variation in the structure 
of the individual cells which in many epithelia shows itself later ; while a large 
part of the mesoderm very soon becomes loosely arranged, and its cells begin to be 
separated by a relatively large amount of intercellular substance — appearances 
which are characteristic of developing connective tissue. Somewhat later also 
the ectoderm in and near the middle line of the embryo undergoes the thickening 
and folding which presages the formation from it of the central nervous system. 
Further, the part of the mesoderm which is nearest to this begins to show indications 
of the differentiation which is preliminary to the development of the skeletal 
muscles ; whilst that part which is placed more peripherally exhibits the splitting 
into somatic and splanchnic layers which is the first sign of the formation of 
the ca>lomic cavity. Pari passu with these and other successive changes in the 
disposition of the cells of the several blastodermic layers, proceeds a gradual 
differentiation produced by alterations in form and eventually in structure of 
the constituent cells — alterations which eventually lead to the formation of the 
various tissues. Since every tissue in the body is at first composed wholly of 
cells which individually show little or no special differentiation of structure, 
it is clear that the undifferentiated cell is to be regarded as the type. The 
structure of cells in general and the various modifications which they exhibit 
must be studied before the structure of the tissues which have been formed from 
them can be considered. 


THE ANIMAL, CELL. 

The actual discovery of the cellular constitution of animals dates from the 
‘ Microscopic Researches into the Accordance in the Structure and Growth of Plants 
and Animals,’ by Theodor Schwann, published in 1839 ; the botanist Schleiden having 
in the previous year shown such constitution to obtain for all the different tissues 
of plants. The existence of cells had, indeed, been described in certain vegetable 
tissues, such as cork, as long ago as the seventeenth century,* and the presence of 
a nucleus had been noticed by Fontana in the latter end of the eighteenth century. 
But it was not until shortly prior to the work of Schleiden that the nucleus was 
recognised as an integral constituent of the plant-cell by R. Brown (1831) ; and 
the generalisations of Brown and Schleiden for the plant were extended and 
amplified in so able a manner by Schwann that the ideas which he enunciated still 
remain, under the name of the ‘ cell-theory,’ the accepted doctrine regarding the 
structure of all the higher animal organisms. 

The term protoplasm was applied by Purkinje to the substance of animal cells 
in 1840, but first came into extensive use after its employment by v. Mohl, in 1846, 
who applied it to the living subsjbance of the plant-cell. The material itself, with 
all its most prominent characteristics as displayed in Infusoria, was however 
described, in 1835, under the name of ‘ sarcode,’ by Dujardin, the accuracy of 
whose description has, it will be seen, left but little for subsequent observers to add 
to : ‘ I propose to name sarcode that which other observers have termed a living 
jelly, a substance glutinous, diaphanous, homogeneous, refracting light a little more 
than water, but much less than oil, extensible and ropy like mucus, elastic and 

' N^Grew, Anatomy of Plants, 1682 . 
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contractile, susceptible of spontaneously forming within itself spherical cavities 
or vacuoles which become occupied by the surrounding liquid. . . . Sarcode is 
insoluble in water, but is eventually decomposed by it, leaving a granular residuum. 
Potash does not dissolve it suddenly like mucus or albumen, and seems simply to 
hasten its decomposition by water ; nitric acid and alcohol immediately coagulate 
it and render it white and opaque. . . . The most simple animals, such as amoebse 
and monads, are entirely composed, at least to all appearance, of this living jelly. 
. . . Sarcode is without visible organs and has no appearance of cellularity ; 
but it is nevertheless organised, for it emits various prolongations along which 
granules pass and which are alternately extended and retracted : in one word, it 
possesses “ life."' " ^ 

Gradually, both in plants as well as in the lower animals, it came to be generally 
recognised that the sarcode of Dujardin and the protoplasm of v. Mohl are endowed 
with similar attributes, and a cell was defined as composed of structureless proto- 
plasm, endowed with irritability and contractility, containing a nucleus and enclosed 
by a cell-membrane. That a cell-membrane is, however, not an essential character 
and is often absent, especially in animal cells, was shown by Leydig (in 1856), and 
was especially emphasised by M. Schultze and by Brticke (in 1861). Even at the 
present time the definition of a cell proposed by Leydig holds good — ‘ a mass of 
protoplasm furnished with a nucleus." ^ 

Taking this definition as a starting-point, we may, to begin with, study these 
two parts of the cell independently, although, as will presently appear, they are 
in the most extended sense functionally interdependent, and must ultimately 
be regarded as being both essential parts of the one elementary unit — the cell. 

Cells show great variation in size. In the human body they vary from 
that of the lymphocytes of the blood and lymph and the ‘ granule-cells " of 
the cerebrum and cerebellum, which are amongst the smallest, and measure 
only about 4/x in diameter,^ to the ‘ Betz-cells " of the motor region of the brain, 
and the ‘ giant-cells " of bone-marrow and of developing bone (figs. 54 and 64), 
which last measure from 40/x to 80/x, and represent the largest individual cells which 
are met with in man. In the animal kingdom generally, and in plants, the 
variation is much greater even than this. Nevertheless, although the largest are 
just visible to the naked eye, cells in general are of quite microscopic dimensions. 
In many cases a distinction has to be drawn between the part of the cell which 
contains the nucleus, which is usually termed the cell-body (perikaryon of 
Sherrington), and processes which extend from it. Such processes may be of 
great length, as with the axon-processes of nerve-cells ; they may be either fixed, 
or movable and capable of being retracted, as with the processes of amoeboid cells, 
which are known as pseudopodia ; or they may be endowed with rhythmic motility, 
as with the processes known as cilia. 

The opinion has been frequently expressed during recent years that the cell is not the ultimate 
living unit of the animal and plant organism, but that the living material both of cell-substance 

’ Quoted from Cariioy, ‘ Histoiro de la Cellule/ Biologie Cellulaire, 1884. A couciHe account of the 
structure of the several parts of the cell is given by C. E. Walker, Essentials of Cytology, 1907. The 
following monographs on cell-structure may be especially mentioned : Flemming, Zellsubstanz, Kern 
u. Zelltheilung, i88‘2 (this has a full bibliography to that date) ; also a series of articles by the same 
author in the Arch. f. mikr. Anat. and in the Ergebn. d. Anat. (the latter commencing in 1891) ; 
Henneguy, Lemons s. 1. cellule, 1896 ; E. Holmgren, Ergebn. d. Anat. xi. 1901 ; A. Gurwitsch, Morph, 
u, Biol. d. Zelle, 1904 ; Prenaiit, Bouin, and Maillard, Histologie, t. i. 1904 ; Ruzicka, Ergebn. d. 
Anat. xvi. 190C ; M. Heidenhain ‘ Plasma u. Zelle/ in v. Bardeleben’s Handb. d. Anat. 1907. 

^ This definition does not apply, however, to all living organisms, for many unicellulaV protozoa and 
phytozoa have no nucleus, its f lace being taken by particles of basichromatic matter which have been 
designated chroniidia. Perhaps the so-called nuclei of the blood-platelets may come under this 
designation. See on chromidia, Dobell, Quart. Journ. Micr. Sc. liii. 1909. 

5 If, as seems probable, the blood-platelets or thrombocytes are to be considered as cells, the 
possible dimensions of a cell of the human body must be reduced to 2/x, or even 1/u. (The sign /u. is 
emploj-ed to indicate the one-thousandth part of a millimeter, and i| known as a micron.) 
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and nucleus is composed of an aggregate of luicroscopic particles, each of which is capable of 
multiplying and functioning independently. This independence has been ascribed to particles 
or granules which are often seen in protoplasm (‘ microsomes ’ of Hanstein), and to accentuate 
this view they were termed by Altinann ' ‘bioj)last3’ or ‘elementary organisms.’ Altmann 
attemptexl to establish the identity of his elementary organisms with the obvious granules 
which have long been recognised in cells, and which have frequently been regarded as merely 
adventitious in character or as products of cell-activity ; not, as Altmann regards them, as 
the actual living material and the cause of activity. Altmann’s view has not hitherto met with 
general acceptance by biologists, although it cannot bo doubted that it is a very common character 
of the protoplasm of many cells to exhibit, even in the living condition, granules of protein 
substance, which may be so closely packed as to occupy the greater part of the cell (see pp. 22 
to 24). Apart from visible ‘ granules,’ there are strong grounds for believing that living substance 
is composed of ultramicroscopic j)articles,* each of which is probably constituted of a central more 
solid and a peripheral liuid portion. Such t heoretical particles, which are themselves not molecules 
but groups of molecules, have been variously named micellae (Niigeli), inotagmata (Engelmann), 
biophores(Weismann), biogens (Verworn) and they are assumed to fulfil all the functions of 
protoplasm (or rather of bioplasm), having specific characters in difTerent cells, and being subject 
to metabolic processes, to growth and multiplication, and to rearrangement within the cell, so as 
to produce changes of form and structun; of nucleus and protoplasm, and eventually cell-division. 
Those biophorcs, or groups of biophorcs, which constitute the nuclear chromatin of the germ- 
cells arc assumed by VVeismann to include representatives of all the specific biophorcs of the 
somatic cells, and they are regarded by him as being the transmitters of hereditary qualities ; 
subject to variation and to increase or decreas(i in relation to one another according to the 
varying conditions to which they arci exposed. The term germinal selection is used by Weisrnann 
to denote the result of such influences upon the biophore groups.^ 

THE PROTOPLASM OF THE CELL. 

The living substance of cells, both plant and animal, is termed bioplasm. 
That part which constitutes the nucleus is known as haryoplasm ; that which is 
present in the cell outside the nucleus is protoplasm ; while a specialised portion, 
which is connected with the centrosome, is termed archoplasm. The whole sub- 
stance of the cell apart from the nucleus is often alluded to as cytoplasfn. Under 
this name other materials than those which constitute the living substance are in- 
cluded. The presence of such materials occurs, indeed, in certain cells to so great an 
extent that the protoplasm itself, of which the whole cell-substance in the embryonic 
cell was originally constituted, has become reduced to a relatively small proportion ; 
indeed, even in cells of the same kind in different species of animals and plants, the 
size of the cell varies directly with the amount of non-protoplasmic material which 
has become accumulated within the cell. A notable example of this is met with in 
the ovum, which in some animals, including man, is minute and even microscopic; 
whereas in others, such as the bird, it attains a larger size than any other cell in the 
body. There may doubtless be an absolutely larger amount of protoplasm in the 
larger cell, but relatively to the non-protoplasmic material the actual protoplasm 
occurs in very much smaller amount (see vol. i. p. 9). Various names {paraplasm, 
deuteroplasm) have been proposed for the non-protoplasmic contents of cells, which 
may consist merely of watery fluid, as in the cell-sap of plants — or of any con- 
ceivable organic Tuaterial, such as granules of starch, globules of oil, or crystals of 
protein matter or of luemoglobin ; but it is to be doubted whether anything is 
gained by including materials so diverse under a single designation. 

Examined chemically, protoplasm can bo resolved into (1) v'ater^ which constitutes 
from two-thirds to three-fourths of its weight ; (2) organic material which exhibits the 
properties of proteins or protamines, combined usually, perhaps invariably, with a certain 
proportion of a phosphorus and iron containing substance known as nuclein, forming nucleo- 

> Ludwig Festschrift, 18S7 ; Die Elementarorganisinen, Ijeipzig, 18^0 ; 2nd edition, 1894. 

^ Not necessarily the particles which are rendered visible by the ultramicroscope. For an account 
of these, see \V. Biedermann, Ergebn. d. Physiol, viii. 1909. 

5 Die Biogenhypothese, 1908. See also his Allgemeine Anatomic, 1908. 

‘ Weisrnann, The Evolution Theory, transl, by A. and M. R. Thomson, 1904. See also T. H. Bryce, 
Embryology (vol. i. of this work), p. 20. 
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proteins; * and (3) inorganic substances (ions), certain of which are constantly found associated 
with the proteids of protoplasm and enter into loose combination with them, forming ion- 
proteins. Some of these appear to be essential to its functional activity. The most 
constant are the kat-ions, calcmm, potassium^ and sodium, and the an-ion, chlorine (J. Loeb '^). 
Further, a supply of oxygen, either free or in some combination from which it can be dis- 
sociated by the living substance of the cell, is essential to the metabolic activity of protoplasm ; 
and an invariable result of this activity is the production of carbon dioxide, which is never 
permitted to accumulate, but is speedily removed by extrusion into the surrounding medium. 
The interchange which thereby occurs in all living substance constitutes respiration. 

The cell-proteins are ‘ colloid ’ substances in the sense in which this term was used by Graham,* 
and the electrolytes with which they are associated in the protoplasm are ‘ crystalloids.’ It is 
upon the presence of the latter that the osmotic properties of cell-protoplasm, which are intimately 
connected with many of its functions, essentially depend. Enzymes (ferments) are present in all 
protoplasm, and are probably associated with its protein constituents or are elaborated from 
them by the living substance of the cell. Hence the occurrence of autolysis (auto-digestion) 
of cells and tissues kept under aseptic conditions. * 

Besides proteins and nucleoprotcins, certain non-proteid organic substances seem constantly 
to occur in small proportion as essential constituents of cell- protoplasm. The most important 
of these are the lipoids, such as lecithin, and the alcohol cholesterin. Lecithin is composed of 
glycerophosphoric acid, associated with fatty acid {stearic), and united with the ammoniiim base, 
cholin. Its physical properties are of a peculiar nature, since, whilst insoluble in water and 
watery solutions of electrolytes, it is capable of absorbing them and of pennitting their 
passage through its substance. Thus it may play within the cell the part of a semi- permeable 
iiiembranc, and whilst serving to confine the colloid constituents of the protoplasm, may 
permit the passage of and exchange between its crystalloid constituents and those of the 
surrounding medium. 

In the red blood-corpuscles, or erythrocytes, it is capable of direct proof that the external 
film is partly of a lipoid nature, and it is probable, from the behaviour of animal cells 
to watery solutions of electrolytes, that a similar film is always present at the surface of 
protoplasm.’ As for the main substance of tlie cell-protoplasm, it has been suggested 
(Hardy) that wo may conceive this to be made up of infinitesimal particles of colloid material 
(protein) suspended in a watery solution of electrolytes, with which the colloid may enter into 
loose combination. The behaviour under various conditions of such a colloidal suspension 
and its relation to cell-activity have been studied of late years by many observers,® and 
esi^ecially in this country by Hardy. ^ 

The main conclusions arrived at by Hardy may be summarised as follows : 

1. The osmotic pressure of a mixture of colloid and crystalloid is not affected by the 
colloid particles, but solely by the electrolytes. 

2. The colloid particles, which when finely divided and suspended in the inteqmrticulato 
fluid have all the appearance of a solution, under certain conditions become fused into aggre- 
gations, and these may further become linked together either into a network (or spongework) 
with the fluid occupying the interstices, or into a honeycomb with the fluid occupying the cavities. 
When such fusion occurs the colloid substance becomes relatively solid, passing from apparent 

^ For the constitution of these substances, and the chemistry of cells generally, see A. Kossel, Arch, 
f. Physiol. 1891 ; Miescher, Arbeiten, 1897 ; O. Cohnheim, Cheinie der Eiweiss-korper, 1900 ; Abder- 
halden, Vorlesungcn, 1909. M. Hcidenhain, Plasma und Zelle, also deals with this subject. The 
discovery of nuclein is due to Miescher, who first obtained it from pus-cells (1871); it is contained in 
much larger amount in the nucleus than in the protoplasm (see also p. 88). 

- American Journ. of Physiol, vol. i. and ii. 1900, 1902. On phosphorus in cells, sec A. B. Macallum, 
Proc. Koy. Soc. Ixiii. 1899; on potassium, Journ. Pliysiol. xxxii. 1905. For the literature of the subject 
the article by the same author on ‘ Microchemical methods and results ’ in Ergebn. der Physiol. 1908 
may be consulted. 

•' Phil. Trans. 1861. 

* On cell-ferments, see W. Jacoby, Ergebn. d. Physiol. 1902. 

Overton, Viertelj. d. Naturforschergesellsch. in Ziirich, 1899; and in Nagel’s Handb. der 
Physiol, ii. 1907. Rhumbler has shown that the external layer in anneba differs in its behaviour 
to alkalies from the internal part. Sec further on cell-lipoids, I. Bang, Ergebn. d. Physiol. 1907 and 
1909 ; C. Ciaccio, Anat. Anz. xxxv. 1909. 

•’ Picton and Linder, Journ. Chem. Soc. vol. Ixvii. 1895, and vol. Ixxi. 1897 ; Biitschli, Enters, ii. 
Struktur &c., 1898; A. Fischer, Bau des Protoplasmas, 1899; G. Mann, various papers, referred to 
in Physiological Histology, 1902; Rhumbler, Arch. f. Entwieklungsinechanik, xvi. 19lJj; Hamburger, 
Osm. Druck u. lonenlehre, lOOit. A concise account of the subject, with bibliography to date, will be 
found in two papers by H. Aron, ‘ Ueber organische Kolloide,' in Biochemisches Ceutralblatt, 1905, 
iii. pp. 461, 501, and iv. p. 505. See also Pauli, Ergebn. d. Physiol. 1900 and 1907 ; Botazzi, ibid. 1908 ; 
and Zangger, ibid. 1908. 

~ W. B. Hardy, Journ. Physiol. 1899, xxiv. 158, 288; Proc. Roy. Soc. 1900, Ixvi. pp. 95-110; Proc 
Phys* )1. Soc. May 1908 ; Journ. Physiol, xxxiii. p. 251, 1905. 
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solution into the condition of a jelly : these are termed respectively the ‘ sol ’ and ‘ gel ’ phases 
of the colloid (Graham). 

3. The conditions which produce a variation in the physical state (aggregation) of the colloid 
particles may be mechanical, thermal, chemical (addition of electrolytes) and electrical. 

(a) Mechanical, — The mere shaking up of a colloidal solution may produce aggregation and 
coagulation. This is the case as shown by Ramsden * with the colloids of white of egg. The 
coagulation which occurs from contact with porous material such as animal charcoal, or by the 
addition to a colloid solution of a solid colloid of different chemical nature, may perhaps also be 
referred to a mechanical cause. 

(b) Thermal. — colloid substance which is fluid within a certain range of temperature 
may have its aggregation condition increased by either a depression or rise in temperature. 
Thus, a solution of gelatin is fluid at high temperatures owing to an increase in the kinetic 
energy and consequent disaggregation of its particles ; on the other hand, it sets into a ‘ gel ’ on 
cooling : a solution of albumin is fluid in the cold and ‘ coagvdates ’ {i.e. forms a ‘ gel ’) on heating, 
but probably this is accompanied by a change in the molecular constitution of the albumin ; a 
solution of caseinogen coagulates when heated in the presence of calcium salts and redissolves 
on cooling. 2 When the conditions of temperature are reversed, some ‘ gels,’ such as that formed 
by gelatin and that of caseinogen, become redissolved, others remain in the ‘ gel ’ condition : 
these are termed respectively by Hardy reversible and irreversible. Reversible ‘ gels ’ can be 
converted into irreversible by certain (fixative) reagents : thus, an ordinaiy gelatin jolly is so 
converted by fixation with formaldehyde. It then exhibits under the microscope a reticular 
aggregation of the colloid, and the effect of heating now is to cause a closer aggregation of the 
particles and a shrinking of the ‘ gel ’ with expression of interparticulate fluid. In some cases 
(fibrin) such shrinking may occur without artificially increasing the temperature, but even in 
these it is accelerated by heat. In certain solutions the gelation may occur abruptly on a 
particular temperature being reached, and the re-solution of the gel may also occur abruptly 
at a higher temperature (low and high ‘ critical points ’ of Hardy). 

(c) Chemical and Electrical. — The particles of a colloid substance in api^arent solution may 
bo positively or negatively charged, according to the ionic combinations which they have formed. 
When electrolytes are added their effect depends upon the nature of the ions. Thus, an electro- 
lyte carrying a charge of the opposite sign to that borne by the colloid particles causes them 
to become aggregated — i.e. causes jellying or coagulation. On the other hand, an electrolyte 
carrying a charge of the same sign as that borne by the colloid particles causes them to subdivide 
still further, and as a result an increase of liquefaction occurs. The passage of an electrical 
current produces similar effects. If the coUoid particles arc negatively charged they tend to 
undergo aggregation around the anode, disaggregation around the kathode. Hardy concluded 
that the behaviour of colloidal solutions to electrolytes and to the poles of a galvanic battciy 
shows that the ‘ sol ’ phase is due to the fact of the particles carrying an electrical charge of 
the same sign and being thus mutually repelled and disaggregated, the ‘ gel ’ phase to the intro- 
duction of an electrical charge of the opposite sign, so that they become mutually attracted 
and aggregated. 

Action of fixing reagents on colloids, —Wavdy further finds, as had indeed been previously 
noticed, that many of the ordinaiy fixing agents, which act, it may be remarked, by causing 
gelation or coagulation of colloid, produce definite tyjies of structure in the ‘ gel ’ : either parti- 
culate aggregation or reticulation, or a honeycomb or froth-like structure — all similar to the 
types of structure which have been described, as will be seen later, in protoplasm itself. The 
usual result with such proteins as are present in egg-white was the formation of a reticulum or 
spongework ; and this was obtained, although with a different-sized mesh, with reagents so various 
as osmium tetroxide (osmic acid), heat (momentarily applied), potassium bichromate, and 
corrosive sublimate. On the other hand, the tliin edge of a film of albumen solution sometimes 
showed complete homogeneity after fixation, although the thicker parts of the fihn exhibited a 
reticulated structure. 

Some of Hardy’s experiments upon coagulation and fixation have been repeated by 
G. Mann,-* who has pointed out that whereas most of the ordinary fixative solutions employed 
in histology contain electrolytes and produce coagulation of colloids by the action of their 
ions, there are two very important reagents acting pre-eminently as fixatives, viz. osmium 
tetroxide and formaldehyde, which are non-electrolytes. According to Mann, these substances, 
when used in A 'pure form, do not tend to produce an artificial structure in colloid solutions, 
but coagulate them with the formation of a transparent homogenev^us mass. 

* Arch. f. Physiol. 1894, p. 517. 

^ B. Ringer, Journ. Physiol, xi. 1890; and xii. 1891. 

Methods, and Theory of Physiological Histology, 1902. 
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Effects of strain and stress in colloid solutions . — It has been observed by Butschli,* Hardy, 
and others, that if during the process of coagulation by fixatives a film of colloid solution is 
subjected to strain in definite directions, the effect shows itself along definite paths (lines of 



Fig 10.— Lines of stress in a network 

OP INDIARUBBKR THREADS DRAWN 
TOGETHER AT TWO POINTS, SHOWING 
THE FORMATION OP A SPINDLE BETWEEN 
THE POINTS OF TRACTION. (VerWOm, 

after Rhumbler.) 


Fig. 11.— Lines of stress in a cell in 
PROCESS OP division *. SPERMATOCYTE OP 
SALAMANDER. (MeVCS.) 


stress) within the film, and the structure of the resulting coagulum shows the threads of the 
network arranged with reference to the point or points from which the strain proceeded. This 
observation is highly instructive with reference to the‘ stress ’appearances which are observable 


A 


A 







Fig. 12a.“ Lines of stress in a magnetic 
FIELD. (Verworn, after Rhumbler.) 



Fig. 12b.— Lines of stress in living 
dividing ovum of toxopneustes. 
(Verworn, after E. B. Wilson.) 


in cells in process of nuclear division, and in ova during fertilisation ; which are singularly 
like those assumed by iron particles within a magnetic field ^ (compare figs. 10, 11, and 12). 
The appearance of a condition of strain or stress in previously homogeneous colloidal 

1 Unters. ii. Struktur &c., I#eipzig, 1898. - Ojj. cit. 

•’ See ou this subject, Biitschli, Heidelberg Verhandl. v. 1892 ; M. Heidenhain, Arch. f. Entwick- 
lungsmechanik, i. 1895 ; Rhumbler, Ergebnisse der Anatomie, Bd. viii. 1899 ; also various papers in 
Arch. f. Entwicklung.smechanik, 1896 to 1903 ; M. M. Hartog, Proc. Roy. Soc. B. Ixxxvi. 1906 ; and 
R. S. Lillie, Amer. Journ. Physio l.vol. xv. 1905. 
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material is accompanied by the assumption of the property of double refraction, due to the 
linear arrangement of the molecules of the colloid. 

Thus much being premised regarding the effects produced by reagents upon colloidal solutions, 
such as unquestionably exist in cell-protoplasm, we are in a better position to form a judgment 
respecting the structural appearances which have been described as characteristic of this 
substance. 

THE STRUCTURE OF CELL-PROTOPLASM. 



It is obvious from what has been stated regarding the action of fixative reagents 
upon colloid solutions, that it would be improper to infer the pre-existence of 


Fia. IH.— Successive changes exhiiuted by an amieba. (Verworn.) 

Tlie protoplasm appears completely structureless, although containing granules near the 
nucleus and a contractile vacuole. 


structure in protoplasm unless such structure can be shown to be present under 
the normal conditions of the living organism. An organism which has always 
been regarded as typically protoplasmic is the unicellular and uninuclear animalcule 



Fio. 14a. ~ Diagram op a cell, the 

PROTOPLASM OF WHICH IS STRUC- 
TURELESS, ALTHOUGH OCCUPIED BY 
VACUOLES AND GRANULES. 


asm ; nucleus ; 
nucleolus. 



Fig. 14b.-- Diagram of a cell, the protoplasm 
OF WHICH IS reticulated. 


protoplasm, consisting of hyaloplasm and a 
network of spongioplasm ; c,r, clear external layer 
of cytoplasm ; end, central part of cytoplasm, with 
distinct granules and vacuoles; c, double centro- 
some ; », nucleus; nucleolus. 


known as Ammba limax. This can be easily examined in the living condition. 
It is capable of performing all necessary functions of the animal organism, including 
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multiplication by division ; change of shape and place (locomotion) ; intake, 
digestion, and assimilation of food; excretion, and a localised intermittent con- 
tractility which serves to disseminate accumulated fluid material through the 
cell-substance, and perhaps to eject it from the organism. Nevertheless, even 
under the highest powers of the microscope, and with the aid of the most modern 
methods of investigation, its protoplasm shows no appearance of structure (fig. 13). ‘ 
It must therefore be admitted that visible structure is not essential to living 
cell-protoplasm, and it may accordingly be represented diagrammatically as 
a homogeneous material (fig. 14a). ^ 

A distinction between a granular and sometimes vacuolated part of the 
protoplasm in which the nucleus is embedded, and which may occupy a consider- 
able part of the cytoplasm, and a clear external part or layer, is sometirdes very 



Fig. is.— a caktilage cell 

IN THE LIVING STATE, FKUM 
THE SALAMANDER. HiKllly 

magnified. (Flemming. i 


Fig. 15. — Untouched photograph op living leucocyte 
OF Triton, showing kkticuj.ar structure op the 
protoplasm. (Schafer.) Magnified 13G0 diameters. 

Tlie photograph was taken in monochromatic light with 
Zeiss’ ‘2 mm. apochromatic ohjectivc and projective eye- 
piece. The polymorph nucleus also exhibits a reticular 
structure. 


Fra. 17.— Columnar epithe- 
lium-cells SHOWING LINES 
OF GRANULES. (Altmaun.) 


apparent in unicellular organisms like the amoeba (fig. 13). The terms endoplasm 
and ectoplasm have been employed to indicate this difference of appearance ; 
although it is not certain that there is always a difference of actual structure in 
the two parts. But in many cells a differentiation indicative of a reticulated 
structure (fig. 14b) can be seen even in the living unaltered protoplasm (fig. 15). 

Fibrils within cell-protoplasm , — In many cells — indeed, in most cells of the 
higher animals — structures which can be seen only with difficulty, or not at all, 
in the living condition of the cell appear distinctly after the cell has been fixed by 
reagents. The structure is generally in the form of a network of threads or as 
separate filaments (fibrils) of extreme tenuity (fig. 16), or their place may be taken 
by lines of granules (fig. 17). These appearances when present in the living cell are 

' In the ectoplasm of Amoeba terricola, Greeff has described a radiate fibrillar structure (Marburg 
Verhandlungen, 1890) similar to that described by Strasburger in the ectosarc of the myxomycete 
CEthalium septicum (Studien in Protoplasina, 1876). 

* Cf. Lukjanow, Grundziige einer allgem. Path. d. Zelle, 1891. 
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still more distinct after the protoplasm has been fixed by reagents (fig. 18). They 
undoubtedly indicate a differentiation of structure, for they are most frequent in 
specialised cells, such as those of columnar epithelium (fig. 19), cells of secreting 
glands (fig. 20), and cells of ciliated epithelium (fig. 21), in all of which fibrils 
traverse the cell-protoplasm and are permanent features of its structure. A still 
more complete fibrillar differentiation is found in the highly specialised cells which 
form the nervous and muscular tissues (figs. 22, 23, and 24), in which many of 



the features of ordinary cell- 
protoplasm have become com- 
pletely masked, along with 
assumption of the peculiar 
modifications of its functions 
which has taken place. All 
these are to be regarded as 
instances of fixed differen- 
tiation of a fibrillar charac- 
ter; but in many cells — 
especially those in process 


Fio. 18.— Cell with radially disposed fibrils from the 

INTESTINAL EPITHELIUM OF A WORM. (Camoy.) 

me, membrano of the cell ; pcy protoplasm of the cell » 
mn, membrane of the nucleus ; achromatic substance of the 
nucleus coagulated in the form of a network, with convoluted 
chromatin filaments, hn^ contracted into the centre. 


Fig. 20. — Pancreas cells 

OF FROG, SHOWING PARA- 
NUCLEUS AND CHONDROMI- 


FlO. 19.— A COLUMNAR EPI- 
THELIUM - CELL, SHOWING 


MASS OF FIBRILS (CYTO- TOME FIBRILS FORMED FROM FiG. 21. — A CILIATED EPITHE- 


MITOME) WITHIN THE CYTO- MITOCHONDRIA. (Gurwitsch, LIUM'CELL OF A MOLLUSC. 

PLASM. (M. Heidenhain.) after Matthews.) (Engelmann.) 


of division — a linear or fibrillar arrangement of the protoplasm appears 
which is temporary only, and which disappears again after the phase of activity 
which accompanies it has ceased to be exhibited (fig. 11). Yet other cells — 
and the?e are indeed so numerous in the Metazoa that the structure has been 
supposed by some to be constant in animal cells — exhibit an appearance within 
their protoplasm of lines radiating from (or converging towards) a specially 
differentiated particle known as the centriole (fig. 25). These lines may be 
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regarded as due to a fibrillation of the protoplasm, which, being present and 
visible in the fresh and unaltered cell, is a true structural (and functional) 



Fio. 22.— Fibrils within nerve-cells. (Cajal and Tello.) 

differentiation, although it is possible that the lines do not represent fixed struc- 
tures, but alterations in the protoplasm which come and go. 




Pig. 28. —Portion of a plain muscle-cell, showing fibrils within its cytoplasm. 
(SehliiGr.) Magnified 4.'>0 diameters. Untouched photograph. 


We see from these instances that every phase of fibrillation may present itself 
within cell-protoplasm — from the transitory lineations which occur during the 
division of an otherwise undifferentiated cell to the distinct fixed fibrillations 
which are met with in the protoplasm of highly specialised cells. These differen- 



Fig. 24. — Small portion of a muscle- 

fibre OF CRAB SPLITTING UP INTO 
FIBRILS. (Schiifer.) From a photograph. 

Magnified 600 diameters. 



Fig. 25. — Leucocyte op Lepido- 

SIREN, SHOWING LINES IN PRO- 
TOPLASM RADIATING PROM CEN- 
TRIOLE. (T. H. Bryce.) 


tiations can in no sense "be regarded as artifacts, even if they can be imitated 
by subjecting colloid material to stress or strain during the process of fixation 
and consequent gelation ; for they can be made out quite distinctly in the 
VOL. II. PART I. 0 
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living unaltered cells, although to study all the details of such structure it may 
be necessary to fix and stain the cells which exhibit it. 

Although the linear difierentiations which have been mentioned, and which take 
the form of a fibrillation of the cell-protoplasm 
(cytomytome), are generally admitted to be pre- 
formed structures, the pre-existence of the spongy 
or honeycomb differentiation which is manifest 
in cells which have been subjected to the action 
of fixative reagents has been called in question. 

Since this differentiation is seen in cells which 
have been fixed and their protoplasm coagulated 
by a great variety of reagents, such as chromic 
acid, picric acid, corrosive sublimate, formalde- 




FlO 26.—D1AGRAM OP CELL, SHOWING PROTOPLASM 
CONSISTING OF SPONGIOPLASMIC RETICULUM WITH 
HYALOPLASM IN ITS MESHES ; THE HYALOPLASM IS 
ACCUMULATED AT THE PERIPHERY. (Sclmfer.) 

protoplasm ; n, nucleus ; 71 ', nucleolus. 


Fig. 27 . — Diagram of reticulaf 

APPEARANCE OF PROTOPLASM ANt 
NUCLEUS OF A COLUMNAR CELL. 

(Verworn, after Biitschli.) 



hyde, osmic acid, heat, and alcohol, a reticular structure was described as a general 
feature of protoplasmic structure by Frommann, whose researches were extended 

by Heitzmann, Klein, 
Carnoy, and many 
others. Leydig^ 
pointed out that the 
apparent reticulum 
was rather of the 
nature of a sponge- 
work than a network 
(fig. 26 ), and proposed 
for it the name of 
sfongioplasm, the 
clear substance 
(? fluid) occupying 
' its interstices, which 

Carnoy had termed the enc/nylema, being designated by Leydig hyaloplasm : these 
designations have since become widely adopted.*^ Biitschli,*^ on the other hand, 
took the view that the appearance of a network or spongework with intercom- 



Fig. 28.— Comparison op protoplasm with oil and water emulsion. 

A. Protoplasm of Thalassicola. 

B. Frotli-like appearauco of a mixture of oil and cane sugar. 

(Verworn, after Biitschli.) 


^ Zello u. Gewebe, 1886. See also on this subject, Schafer, Proc. Roy. Soc. xlix. 1891. 

^ Some recent writers (following Biitschli) have introduced confusion into this terminology by 
employing the word hyaloplasm in the sense of Leydig’s in^ongioplasm (using the word 
enchylema for the hyaloplasm of Leydig). But in this work the expressions spoiigioplasm and 
hyaloplasm will be used in the sense in which they were originally employed by Leydig. 

^ Biol. Centralbl. 1890; also Mikroscopische Schauine, Leipzig, 1892; transl. by Minchin, 1894. 
On the supposed foam-structure of protoplasm, see Frommann, Anat. Anz. v. 1890. 
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municating interstices (fig. 27) is illusory, and that the actual structure of all 
protoplasm is that of a honeycomb, the partitions of which are formed of more 
solid matter than the contents of its cavities, and give in optical section the 
appearance of a net or sponge (fig. 28). This view is expressed by the terms 
foam- or honeycomh-striicture of 'protoplasm, and has found acceptance by many 
cytologists.‘ But both a spongy and a honeycomb appearance may well occur in 
different samples of protoplasm, for in the jellying of colloidal solutions either 
one or the other may show itself, according to the concentration of the solution 
(Hardy) (seep. 11). 

It is, however, clear, as already mentioned, that the results of Hardy and others regarding 
the action of fixative agents uiion colloid solutions should render one careful in drawing 
conclusions from the action of the same fixatives upon protoplasm, and in every case it 
behoves us if possible to ascertain (1) the existence of the structure in question in the 
living protoplasm before it has been subjected to the action of a fixative ; (2) whether, if the 
apparent structure is pre-existent, it is modified by the fixative ; (3) whether different strengths 
of the same fixative, or different kinds of fixative, give rise to an apparent structure, 
which is identically the same under all conditions. 

If (1) can be proved for any particular sample of cell-protoplasm, it follows that, at least 
in that kind of cell, there does exist a preformed differentiation which takes the form' of a 
network or spongework or honeycomb of jnoro refractive (and probably therefore less fluid) 
material enclosing a more fluid substance in its meshes; and similarly, if (3) be answered 
affirmatively, it is extremely probable that (1) is also true, and that the network seen after the 
action of the reagent is the accentuation under the influence of the fixative of a pre-existent 



Fig, 29, — Reticulak protoplasmic structure in a pseudopodium of 
A FORAMiNiFER (miliola), (Verwom, after Butschli,) 

network. Now, although from what has already been said as to the absence of all 
appearance of structure in the living protoplasm of Amoeba limax it cannot be affirmed 
in the present state of knowledge that all protoplasm is differentiated into spongioplasmic 
and hyaloplasmic parts, neither can it be denied that the protoplasm of very many cells gives 
an affirmative answer to (3), and of others to (1) also (see figs. 15 and 29). From which it 
must be concluded that an apparent network is a common differentiation in cell-protoplasm, 
although such appearance of structure is not essential to the idea of protoplasm. And this is 
indeed what might be expected from Hardy’s observations on colloid solutions, which very 
readily, on change in their physical or chemical surroundings (heat, galvanic currents, electro- 
lytes), tend partially to pass out of solution in the form of an aggregation of particles, which 
most generally takes on the appearance of a network or spongework with more fluid interstices, 
but sometimes of a honeycomb with fluid droplets enclosed by more solid material. If cell- 
protoplasm is essentially a colloid solution, this may also, as a result of chemical and physical 
changes taking place in vivo within the cell, undergo a transformation similar to that which 
occurs in a colloid solution in vitro ; and thus a structural differentiation would bo produced 
which may either become permanent, or may go and come with changing condidons within 
the cells, as is the case with* Hardy’s irreversible and reversible ‘ gels.’ In point of fact, 


0 . 


^ E.g. E, B, 'Wilson, The Cell in Development and Inheritance, 1896; 2nd edition, 1904, and 
Hertwig, Allgemeine Biologie 

0 2 
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the observations of Hardy, which have thrown much light upon the constitution and 
properties of colloidal solutions, and which have been looked upon — if not by Hardy 
himself, at any rate by other writers on protoplasmic structure — as indicating that the 
structural ditferentiation of the protoplasm of many cells into spongioplasni and hyaloplasm 
is an artifact, really cast considerable probability upon the existence of such differentiation, 
since they show how easily this structure can be produced in a colloidal solution (such 
as occurs in cell-pro toidasm) by changes which may take place even during the life of 
the cell. 


The proof that such changes do actually occur in vivo wan furnished by Greely,' who 
showed that the protoplasm of Protozoa (Paramcecium, Stentor, Amoeba) exhibits structural 
changes during life in response to variations in temperature and in chemical changes of the 
circumjacent fluid, as well as to the electrical current, which are strictly comparable to the 
changes described by Hardy in colloidal solutions; being coagulated (often in a reticular manner) 
by certain agencies, liquefied by others — and those changes arc intimately associated with such 
vital manifestations of the organism as amoeboid and ciliary movement. It has further been 
suggested that the appearance of radiating structure which characterises the ‘ astrosphere ’ 
formed within the fertilised ovum as the result of the introduction of the spermatozoon (middle 
piece with centrosome) is due to a localised coagulation ; for a similar appearance can be 
produced by various agencies of a chemical and mechanical nature, which act in this way 
upon colloid solutions. Similar localised coagula have also been shown to accompany (or 
precede) artificial parthenogenesis in Echinoderm ova (see p. 112). The conclusion to bo 



drawn is, therefore, that protoplasm is 
essentially a colloidal solution (suspension) 
whose particles become aggregated or dis- 
aggregated by various agencies, electrical, 
chemical, or mechanical ; and that such 
aggregation may determine both structural 
and functional modifications within the 
cytoplasm. 

It has been stated (p. 15) that 
in the case of certain animal-cells it 
can be shown, without the action of 
any reagents, that a reticular (spongy) 
.structure is present during life. In 
gland-cells, where a reticular appear- 
ance of the living cell has been 
remarked by many observers, the 
appearance may be produced by the 


„ T protoplasjn is filled with 

Fig. 80.— Lace-likk appeakance oe living proto- . ^ i i 

PLASM OP A LEUCOCYTE OP SALAMANOEK. (Sciijifer.) secrotion-graiiules, and the protoplasm 

Magnified 1,200 diameters. Untouched photograph, left between these necessarily has a 

The lacelike protepksm spread over reticular appearance in optical section. 

In other fixed cells with a single 

definite function one might expect to find that the protoplasm has undergone 

more or less differentiation. But such differentiation is not confined to the 


protoplasm of fixed cells; it shows itself also in free cells, such as Rhizopoda 
(fig. 29) and leucocytes (fig. 15). In many of the latter, when spread out by their 
amcBboid activity over the cover-glass of a microscopic preparation, it is possible 
to detect, in spite of its high degree of translucency, a distinct spongy or reticular 
appearance in the protoplasm, and in tliin films under a high magnifying power 
the effect of fine lace is produced (fig. 30). 


The proof of the pre-existence of a colloidal reticulum in many cells — which is 
derived fiom the fact that a large number of dilTerent fixations produce a similar 
reticular appearance within the cell — is more easy o^ demonstration than the 


^ Biol. Bull. 1904, vol. vii. No. 1. 

* M. H. Fischer and W. Ostwald, Pfluger’s Arch. Bd. cvi. p. 229, 1905. 
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direct observation of a reticulum within the living cell, and it has been upon it 
that the doctrine of a spongy or reticular structure — i.e, of the differentiation of 
the protoplasm into spongioplasm and hyaloplasm, has been mainly based. The 
extreme constancy of the appearance in the same kind of cell with diverse fixatives, 
and also with the same fixative but in different strengths of solutions — conditions 
which would produce reticular structures of diverse character in a mere colloidal 
solution — affords strong evidence of the pre-existence of such reticula. Naturally, it 
does not follow that the reticula seen are fixed in the sense of being permanent. 
It is possible that they are constantly changing — liquefying and re-forming-— 
in this or that part of the protoplasm. But they represent a structure which is 
present at the time in one part or another of the protoplasm, or even throughout 
the whole cell, and in this sense they constitute a structural and functional 
differentiation which in many cells becomes fixed permanently during life. Such 
structure cannot, it is true, be regarded as essential to all protoplasm, so long as 
in any cells {e.g. some Protozoa) no such differentiation can be detected. But, as we 
have seen, in these also an 
ill-defined reticular structure 
makes its appearance under 
certain conditions, even during 
life (Greely). And the fact 
that this is in all probability 
due to the segregation of 
particles from a colloidal 
solution seems to indicate the 
manner in which a similar but 
more permanent structure of 
the protoplasm of other cells 
may have been brought about. 



The fact that protoplasm, like 
other colloidal solutions, may at 
one time and at one place exhibit 
a reticular or honeycomb struc- 


Fig, 31. — Untouched photograph op leucocyte of 
Triton, fixed whilst in amieboid condition iiy 
A .jet of steam directed on cover-glass; 
STAINED with H.EMATOXYLIN. (Schiifer.) Magnified 
1,860 diameters. 


ture, which at other times and The internal part of tlie protoplasm shows an in- 

in other places is lacking, rendens distinctly reticular structure (spongioplasm), but the 
nugatory the discussion as to whether pseudopodia are completely clear, 

the reticulum (spongioplasm) or tho 

enchylcina (hyaloplasm) is the contractile part of the cytoplasm. All protoplasmic movements 
are of a ‘ flowing ’ nature, and imply fluidity of the moving part, which may bo tho whole proto- 
plasm. If a less fluid part (spongioplasm) has become separated out from the rest, the flowing 
would be primarily a movement of the hyaloplasm, which, ex hy'pothesi, is the part of the proto- 
plasm remaining fluid after the separation out of tho less fluid spongioplasm. In amoeboid cells 
this less fluid part may also be carried along with tho flow, although in some cases tho pseudo- 
podia niay at first be formed wholly of the more fluid substance (fig. 31).^ iho flowing itself, 
there is every reason to believe, is consequent upon alterations in tho tension of a solid film 
at the surface of the cytoplasm, and in some cases also at internal surfaces within its substance 


(seep. 76). , ^ 

It must bo accepted as an axiom that ‘ every free cell is surrounded by a solid film. The 
pseudopodia of many infusorians could not exist wore they entirely liquid ’ ; they would fall 
apart into droplets. ‘ As the interior of tho pseudopodia shows tho phenomena of streaming, 
tho solid part of the psoudopodia can only be at their surface.* It is highly probable that this 
film is of a lipoid nature (see p. 11). 


1 Schiifer, Proc. Roy. Soc. vc^. xlix. 1891. * , i. i 

^ J. Loeb, The Dynamics of Living Matter, p. 38. Ramsden has shown that solid or extremely 
viscous fihny matter forms at the surface of protoin solutions, oven if evaporation bo prevented 
(Zeitschr. f. physik. Chemie, xlvii. 1904). Traube long ago also showed that when certain liquid 
colloids, or a colloid and a crystalloid, come in contact a solid film may be formed at the contact surface 
(Arch. f. Anat. u. Physiol. 1867). 
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The grranuleB of cell-protoplaam. — Attention has already been drawn 
to the fact tllat granules or globules (apparently composed of protein) are 
frequent, and in most cells constant, constituents 
of the protoplasm of cells. This has been long A 

recognised in the cells of secreting glands (figs. 32, 

33), where their presence was demonstrated by 
Langley,* who showed that they are here closely 
related to the elaboration of the secretion, and 
especially of the enzymes and organic materials 


Fia. 132.— Submaxillary gland of rabbit. (E. Miiller.) 

The cells are in different functional states, as indicated by 
the condition and staining of the granules, n, cell filled with 
darkly staining granules; 6, clear cell, the granules being 
swollen and having a reticulum of protoplasm between them ; 
c, secretory eanaliculi penetrating into the cells. 


Fig. 88. -- Granules within 

CELLS PROM DUCT OF PAROTID. 

A, prior to secretion ; B, after 
secretion. (Mislawski and Srnir- 
now.) 


which are produced by the gland. 



Fig. 84. — Granules in developing ovum 
OF RABBIT. (Winiwarter.) 


Granules occur, liowever, in cells such 
as leucocytes and developing ova^ 
(fig. 34), which, so far as is known, are 
not concerned in the preparation of 
secretion, although, in view of recent 
researches which point to the fact 
that the occurrence of enzymes of 
some kind is well-nigh universal in 
all cells, it is less easy to draw a 
distinction between secretory and 
other cells than seemed previously 
possible. And while in some cells 
special methods of fixing and staining 
are required to show the granules,*^ 
in others they are visible in the fresh 
condition or may be stained and 
observed intra vitani (fig. 35). The 


^ Proc. Roy. Soc. xxix. 1879, xl. 1886 ; Journ. Physiol, ii. 1879-80, x. 1889. 

* Schjiffei, Proc. Roy. Soc. xxx. 1880; Fleming, Zellsubstanz &c., 1882, pp. 30-84. 

® Such as Altmann’s method, Die ElementarorganiBinen, 1890. See also L. and R. Zoja, 
Mem. d. r. istit. lombard. 1891 ; R. Metzner, Arch. f. Physiol. 1894 ; J. Arnold, Arch. f. mikr. Anat. lii. 
1898; Schridde, Anat. Hefte, xxviii. 1905; Loewenthal, Journ. de I’Anat. 1906. 

‘ 0. Schultze, Anat. Anz. ii. 1887; Kuhn, Arch. f. Anat. 1890; A. Fischel, Anat. Hefte, xvi. 1901; 
J. Arnold, Arch. mikr. Anat. Iv. 1900, and Anat. Anz. xxiv. 1908 and xxxi. 1907; Rilii6ka, Zeitschr. 
(. allg. Physiol, iv. 1904 ; E. E. Go’dmann, Beitr. z. klin. Chirurg. Ixiv. 1909. 
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granules are not all of the same character, either in different cells or within the 
protoplasm of the same cell. The readiest way to exhibit them is by the employ- 
ment of differential methods of staining: some — presumably of an acid nature- 
becoming stained more readily by basic colouring substances ; others — presumably 
of a basic nature — by acid colouring substances ; others by both basic and 
acid dyes ; and others, again, most effectively by neutral dyes.* This has led to 
the use of the terms basi- or baso-phil, oxyphil (or eosinophil), amphophil, and 


Fig. 35. -Epithelium-cells of salamander 

LARVA, STAINED intra vitaui WITH NEU- 
TRAL RED, SHOWING THE CELL-GRANULES, 
(Fiachel.) Magnified 300 diameters. 


Fio. 30 .— Various kinds op colourless cor- 
puscles, SHOWING different CHARACTERS 
OF THE GRANULES, (From a film prepara- 
tion of normal human blood.) Two of each 
kind are represented. 


neutropliil, to describe these several kinds of granules — terms originally intro- 
duced by Ehrlich*-^ to designate the granules of the white blood-corpuscles 
(fig. 36). In size, also, there is much variation, some granules being so small 
as to be almost ultramicroscopic, and others large enough to be easily seen with a 
moderately high power of the microscope. In shape they are generally globular, 
although in some secreting cells crescentic granules occur; in the leucocytes 
of the cat they are cylindroidal. There is strong reason to believe that the 
granules sometimes represent material which is in pro- 
cess of gradual elaboration ; for the granules in cells of 
the same kind at different times, or even in the same 
individual cell in different parts of its substance, exhibit 
gradations in size and chemical constitution, indicative of 
growth and chemical changes in the granules. A striking 
illustration of this is seen in the production of fat within 
cells, both in the cells which form adipose tissue, and in those 
of the intestinal epithelium during fat absorption (fig. 37). 

In both cases, according toAltmann and his fellow- workers, 
the cell-protoplasm shows at first fine granules which appear 
from tlieir reactions to be of protein nature. These become 
gradually transformed into, or at any rate replaced by, 
granules which begin to give the reactions of fat (fig. 38) ; by a constant increase 
in number these ultimately fill the greater part of the protoplasm, and pventually 
run together to form large and distinct globules of fat.^ In mucus-secreting cells 



Fig. 37. — Granules in 

INTESTINAL EPITHELIUM 
OF PRoo. (Altmann.) 


1 On the differential staining of the granules in cells and nuclei, see G. Schlater, Arch. f. raikr. 
Anat. xliv. 1895. * 

^ Farbenanalyt. Unters. z. Histol. u. Klin.d. Blutes, 1891 
* Krehl, Arch. f. Anat. 1890 ; R. Metznor, ibid 
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the various steps of transformation of the protein granules into mucin granules can 
be still more readily followed.* Other secreting cells offer a similar illustration. 

The granules of cells are not confined to the protoplasm ; others may, by 
appropriate fixation and staining, be demonstrated also in the nucleus. In the 
protoplasm the granules probably lie in the hyaloplasm ; the corresponding part 
of the karyoplasm can also be shown to contain granules (see p. 35 and fig. 68, B). 
The cell-granules are sometimes uniformly diffused through its substance, some- 
times more accumulated at one part than at another. There is evidence to show 
that the granules of protoplasm are formed under the influence of the nucleus, and 
that the substance of which they are composed may even be extruded from the 
nucleus. This matter will be again alluded to when the functions of the nucleus 
and nucleolus are discussed. 



The granules have received various names, that by which they are most usually 
designated being microsomes, distinguishable into cijto- and karyo-microsomes. 
Certain of these granules 
appear to be specialised in 
connection with the forma- 


FiG. .‘iS.— CxKANULES IN FAT- 
ABSORBING CELLS OF prog’s 
INTESTINE BEGINNING TO BE 

transformf:d into fat-par- 
TiCLEs. (Krehl.) 

The fat droplets are stained 
black with osmic acid. 


Fig. 89.— Cells from the testicle of the mouse in 

PROCESS OF TRANSFORMATION INTO SPERMATOZOA. (Beilda.) 


The ‘ mitochondria ’ are darkly stained and are seen in the 
successive stages {a to g) to be arranging themselves so as to 
constitute t)io spiral filament of the spermatozoon {h). 


tion of contractile fibrils and other active portions of the cell-protoplasm ; these 
can be stained distinctively, and from their tendency to produce fibrillse have been 
named mitochondria (fig. 39).'^ Sometimes the fibrils which they form are collected 
into a spherical mass, usually near the nucleus, and apparently bearing some 
relation to its metabolic activity. The names jparanucleus (p. 16 and fig. 20) and 
chondromitome have been applied to this structure."* 


1 Schiifer, Qimin’s Anatomy, lOth edit. 1891. 

* Bioblasts (Altmann), plasomes (Wiesner), plasmasomea (Arnold), mlcrosomes (Hanstein), .proto- 
meres (M. Heidenhuin) ; these names are not, however, all strictly synonymous. Until more is known 
regarding the particles in question, it is questionable whether anything is gained by the employment 
of another term than ‘granule.’ 

From jxiros, thread, and grain. Benda, Ergebn. d. Aiiat. xii. 1902 ; F. Meves, Anat. Anz. 

xxxi. 1907, xxxiv. 1900, and Arch. f. mikr. Anat. Ixxii. 1908. Meves designates these specialised granules 
chondrosonies or rhondroconta. He describe.s their occurrence in embryonic cells, and considers that 
they may share with the chromosomes of the nucleus the functions of hereditary transmission. See also 
J. Duesberg, Arch. f. mikr. Anat, Ixxi. 1908, and Anat. Anz. xxxiv. 1909 (Verhandl. d. Anat. Ges.) and 
XXXV. 1910. 

^ The relations of the chondromitome to the metabolic activity of the nucleus have been studied 
in the pancreas cell by Mathews (J )urn. Morph, xv. 1899, Suppl.). 
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CANALICUIJ IN PROTOPLASM 


IG. 40,— Dket ISETWUKK oF canali- 

CULI WITHIN mOTOl'LASM OP SPINAL 
GANGLION-CilLL. (Oolgi.) 


Fig. 41.— Canaliculi within 
PANciiEAf?-cELLs. (Holmgre3\.) 





-Canaliculi within columnar EPiTHELiUM'CELLft OY mDiDYMis, (Hclrogren. 
n, nucleaB, 


Fig. 43.— a cell of Dlscemet's membrahe 

OP THE CORNEA OP THE CAT, SHEAVING A 
NETWORK IN THE PROTOPLASM HEAR THE 
NUCLEUS. (BallowifcE,) 

It is uncertain whether this network is of the 
nature of a paranucleuB or of a trophospongium. 


Fig, 44.— a cell from the 

HUMAN LIVEH, SHOWlNa 
INTRaCEILULaH CAJ^ALI- 
CULL (Browicz.) 


and in tlie cells of the decidua^; and a network which has been noticed by 
Ballowit^ ^ in the epithelium of the membrane of Descemet in the eye (fig. 43) is 
perhaps of a similar nature, although some are inclined to regard it as of the nature 

^ Golgi, Boll. d. HOC. nied.-chir. di Ravia, 1898 ; and Verhandl. Anat. Gesell., Anat. An 2 !. xviii. 
1901 ; Held, Arch. f. Amifc. 1902. 

* Nt%ri, Boll. soc. iut)d.*chir. di Pavia, 1900. 

5 E. Holmgren, Anat Anzeiger, xxi. 1002 ; S, B. y CajaJ, Trabajos, T. iii. 1903, and T. iii. 1904. 

* Vecchi, Auab. Aivz. xxkiv. 1909. Arch mikr Anat. Ivi. 1900. 
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of a paranucleus (see p. 16).' Well-marked canaliculi also occur in the liver-cells 
(fig. 44), where they may occasionally contain blood-corpuscles in stages of disin- 
tegration : these are capable of being 
injected from the portal vessels (fig, 45),^ 
thus indicating that in this organ there is 
a very intimate relationship between the 
blood-vessels and the cells of the tissue. 
Holmgren has described the canaliculi of 


Fig. 45.— From a section of rabbit’s 

LIVER INJECTED FROM THE PORTAL VEIN, 
SHOWING INTRACELLULAR CANALICULI 
COMMriNTCATIN<J WITH THE INTERCEL- 
LULAR lil.oOD-SINUHOIDS. 


Fig. 46. -Trophospongium (canalisation) 

WITHIN A GANOLioN-CELL. (E. Holvngren.) 


protoplasm as opening on the exterior of the cells where they occur (fig. 46), thus 
affording means for the passage of lymph into or from the protoplasm, and con- 



Fig. 47.— Trophospongium of nerve-cell of snail, showing anastomosing canaliculi 

OCCUPIED BY processes OF CONNECTIVE-TISSUE OR NEUROGLIA CELLS. (E. Holmgren.) 


aiders that they are occupied in part by processes from the surrounding connective- 
tissue cells (fig. 47). He has termed the network which these form in the cell a 

* This h. s also been suggested for the network described by Golgi withiin the uerve-cell (Popoff, 
Anat. Anz. xxix. l‘J06). 

* Browicz, Bull. Acad. Sci. de Cracovie, 1899, 1900, 1906; Virch. Anat. 1902. 

Schafer, Proc. Roy. Soc. Edin. xxiv. 1902, and Anat. Anz. xxi. 1902 ; G. L. Houser, Science, xv. 
1902 ; Herring and Simpson, Proc. Roy. Soc. B. Ixxviii. 1906. 

^ Anat. Anz. xvi. 1890, xviii. 1891, xxi. 1902, xxii. 1902, xxiv. 1904 ; Arch. mikr. Anat. lx. 1902 ; 
Arch. f. Anat. 1904 ; Anat. Hefte, \xv. 1904. 
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‘trophospongium/ and the canals into which they are described as penetrating 
Mymph-canaliculi/ regarding the arrangement as ministering directly to the 
nutrition of the cell. His statement that there is always a permanent com- 
munication of the canaliculi in question with tlie exterior is denied by 
V. Bergen, who has studied them in various situations (ganglion-cells, leuco- 
cytes, connective tissue, cartilage, and epithelium 
from dilfercnt parts), v. Bergen is of opinion « 

that the canaliculi are not permanent, but come 
and go; he states that they show in different 
cells different phases of formation.* It is clear ^ 

that if canaliculi are present in such cells as 
leucocytes and cartilage-cells, they cannot be 

occupied by a trophospongium derived from Fra. 48 .— A pigmented kpithelium- 

connective-tissue cells. ) 

Cell- contents i paraplasm, deutero- Magnified i,ooo diameters, 

plasm, — The protoplasm of a cell usually contains free surface ; h, nucleus ; c, pig- 

a certain number of chemical substances, either ment-free cytoplasm; pigmented 
in the solid or liquid form, which, while forming processes, 
part of the substance of the cell, do not form any 

portion of the actual living material, although this material may make use of such 
substances, by way of oxidation or otherwise, to produce a supply of energy for 
carrying on the functions of the cell. Examples of such substances are the protein 
granules and crystals which are found in many plant-cells ; particles and crystals of 
pigment (fig. 48) or of protein ; globules of fat (fig. 49) ; starch-granules (in plant- 

cells) ; also substances in solution, such as ha?moglobin, 
glycogen, and sugar ; and substances which are to 
regarded as waste protoplasmic or nuclear 
products, such as creatin, creatinin, urea and urates. 
All such non-protoplasmic matter within a cell is 
sometimes termed collectively the parajdasm or 
\# deuieroplasm : it may be accumulated in so great an 

amount as almost completely to obscure the actual 
i KW protoplasm. This is the case in fat-cells, in many 

plant-cells which are filled with starch or fat or aleuron 
grains, and in large animal ova, where the material 
which forms the greater part of the yolk is paraplasm. 
When the cell-contents other than protoplasm are 
of a fluid nature they often take the form of 
^ vacuoles, whicli appear as clear globules of varying 

size, less refracting than the cell-substance. In 
^ 4 ^ some plant-cells the vacuoles become very large, 

^ and their contents much exceed in bulk the actual 

Fig. 49.— Fat-cells FROM YOUNG protoplasm of the cell, which is then reduced to 

ANIMAL. (Ranvier.) Osmic .7 • . i 07 7 • 1 1-7 

acid preparation. ^ thiu external film enclosiug a large cavity, which 

The drops of fat are Btained traversed here and there by threads of 

of an intense black, n, nucleus ; protoplasm. The fluid which occupies sucli a cavity 
o, small globules of fat. • i /n rf\\ 

^ IS known as the cell-sap (fig. 50). 

Sometimes a complete physical and chemical transformation of the cell-substance 
occurs, so that the place of the protoplasm is occupied partly or wholly by q material 
of an entirely different character. This is the case normally with those cells which 
undergo keratinisation ; in these keratin is substituted for the cell-protoplasm, 
and the cell becomes of a hard, horny nature, losing all vital activity and assuming 

^ Arch. f. mikr. Anat. Bd. Ixiv. 1904. 


Fig. 49.— Fat-cells from young 
ANIMAL. (Ranvier.) Osmic 
acid preparation. 

The drops of fat are stained 
of an intense black, n, nucleus ; 
g, small globules of fat. 
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a passive, protective function. Abnormally, various other kinds of transformation 
of cell'protoplasm may occur, producing the several kinds of degeneration known 
under the names of amyloid, fatty, and the like. 

Cell-membranes. — When the discovery of the cellular composition of plants 
and animals was made, it was assumed that all cells consist of a cell-membrane 
with fluid cell-contents. This assumption was mainly based upon the fact that the 
cells of jdants are almost universally provided with a definite enclosing envelope of 
cellulose (fig. 50) which has become formed by the cell-protoplasm, and which serves 
to separate one cell from another except in so far as they are connected by proto- 
plasmic fibres which pass through pores 



Fig. 60. -A celt, op a Tradescantia hair, A, 
IN NORMAL condition; B, AFTER THE PAS- 
SAGE OF AN ELECTRIC SHOCK. (Verwom, 
after Kiihiie.) 

a, cellulose wall ; 6, partition between two 
cells ; c, collection of the protoplasm into clumps 
as the result of stimulation. The large spaces 
contain cell-sap. 


in the cellulose partitions (W. Gardiner). 
It was, however, shown (by Leydig, and 
subsequently by E. Briicke and M. 
Schultze) that such an envelope is not 
to be regarded as essential to the con- 
ception of an animal cell, although 
certain animal cells, such as ova and 
the cells which produce cartilage, are pro- 
vided with a definite membrane. This, 
when present, is either secreted by the 
cell-protoplasm and produced externally 
to the cell, or, as many histologists hold, 
formed by the direct transformation of 
the external layer of the protoplasm. 



Fig, 51. — A cell (white iH.ooD-coRPuycLE), 
SHOWING its attraction-sphere. 
(Wilson, after M. Heidenhain.) 

In this, as in most cases, the attraction- 
sphere, 0 -, lies near the nucleus, n. 


Nevertheless, although such definite membrane is absent from the majority 
of cells, it is none the less true that the most external layer or film which invests 
the protoplasm is physically and probably chemically different from the remainder, 
since all reactions show that a cell behaves to electrolytes exactly as if its proto- 
plasm were enclosed by a semi-permeable solid membrane. The existence, therefore, 
of such a special surface film must be postulated for every protoplasmic cell, whether 
it be surrounded outside this by a definite envelope or not. Overton has brought 
together reasons for the belief that the superficial film through which osmosis 
occurs consists largely of the lipoids (cholesterin and lecithin) which are found along 
with nucleoproteid entering into the chemical composition of cell-protoplasm. 
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Overton's views on this subject have received a certain amount of criticism,* but 
the hypothesis appears on the whole more consistent with the known facts of 
cell-osmosis than others which have been suggested to explain them. 

Centrosome and attraotlon-aphere. — Many, but not all, cells possess a 
small area somewhere near the centre of the cell and frequently at the side of the 
nucleus from which lines radiate into the neighbouring part of the protoplasm and 
are sometimes traceable to its extreme limits. The central part of the area is usually 
— but not always — occupied by a particle of protein material (fig. 51), which takes 
up certain special stains the employment of which is generally necessary in order 
to bring it distinctly into view. This particle, which is frequently double, even 


Fig. 5‘i.— S pehmaiocytes of Ascakis, showing the centrosome within the nucleus, 

ITS DIVISION INTO TWO WITH THE FORMATION OF A DIVISION SPINDLE BETWEEN THEM, 

AND THE PASSAGE OF THE RESULTING CENTR080MES FROM THE NUCLEUS INTO THE 
ADJACENT CYTOPLASM. (Verwom, after Braucr.) 

The whole cell is represented only in the two lowest figures. 

??, nucleolus ; c, centrosome. The chromosomes are dark. 

in the resting cell, is known as the central particle^ attraction-particle y or centriole 
(Boveri), and it evidently occupies a point in the protoplasm which possesses 
stronger attractive or repulsive properties than the rest, as is indicated by the 
directive lines which converge to or radiate from it, which are exactly like lines of 
strain or stress which may be formed in colloid solutions in the process of fixation. 
These lines cannot, as a rule, be traced quite into the centriole,'^ but lose themselves 
within a spherical area of protoplasm which immediately surrounds it, and which is 
itself again surrounded by a clearer zone : this spherical area is termed the attraction- 
sphere or centrosomCy^ and the protoplasm within and immediately around the 
sphere, which may exhibit granules or fibrils of the nature of mitochondrij. (fig. 65), 

' T. B. Robertson, Journ. Biol, Chem. iv. 190S. For the literature on cell-lipoids, see p. 11, footnote 6 

^ This may, however, be due to the presence of a refraction-lialo. 

5 The name centrosome is sometimes used in a more restricted sense to denote the central particle, 
here called centriole. 
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IS known as the archoplasm (Boveri) or hinoplasm (Strasburger), a name intended to 
indicate that it exerts a dominating influence over the rest of the protoplasm. 



The attraction- sphere and centriole were first noticed in the dividing ovum by Flemming, 
and independently by Kupfier, in 1875, and by E. Van Beneden in 1876, but their true 
significance was not understood until the publication, independently, of the observations of 
Boveri and Van Beneden upon the developing ovum of Ascaris mcgalocephala in 1887, although 
a radiation from two points in the protoplasm on either side of the nucleus had been already 
described in dividing cells. Later the centrosome was recognised as a general feature of cell 
structure,' although a centriole cannot positively be affirmed to be of constant occurrence in all 
cells ; indeed in the cells of the higher plants, and in Protozoa amongst animal organisms, a 
distinct central particle usually appears to be absent. In some cells, as in the erythrocytes of the 
Lepidosiren larva, as described by Bryce,* and in the spermatocytes of Ascaris, as described 
by Brauer,^ these structures only make their appearance in the protoplasm shortly before cell- 
division is about to occur : in the 
last-named case they cmergei from 
the interior of the nucleus, having 
first undergone fission within that 
structure (fig. 52). In the large 
nlajority of animal cells a centro- 
some can be detected within the 
protoplasm in all phases, even in 
the fully resting {i.e. non-dividing) 


Fio. fjfi. — WjIITK iiJtPUSCLE 

OF Lepidosiren, with lobed 

AND ALMOST ANNULAR NUCI-EU8 
AND WELL-MARKED CENTROSOME. 

(T. H. Bryce.) 


Fig. 54. — Giant-cell of marrow with numerous 
CENTR ioLES. (M. Heideiihaiii.) 

a, h, c, d, various zones of the cytoplasm. The nucleus is 
large and annular, with irregular lobes and numerous 
nucleoli. 


condition of the cell, although it may be close up against the nucleus, and on that 
account difficult of ob.servation. Seeing, therefore, that its origin is sometimes within 
the nucleus, sometimes independent of the nucleus in the cell-protoplasm, the centro.somo 
is regarded, when present, a.s a special cell-constituent, the function of which is intimately 
connected with the mechanism of nuclear divi.sion. A dumb-bell shaped or double centrosome 
{diplosome) is sometimes present in a cell not immediately about to divide, although in this con- 
dition of the coll the centrosome is more often single. If the centrosome is single in the resting cell, 
divi.sion of the nucleus is always preceded by that of the centrosome, the centrioles of the dividing 
cell (along with their attraction-.spheres and radiating filaments) occupying a special relationship 
to the changes in the nucleus which accompany cell-division, as will be noted when the division of 
cells is dealt with. According to M. Heidenhain the centrosome is usually less than I/i in 
diameter, the centrioles being of course considerably smaller. When the nucleus is annular 
or horse-shoe shaped the centro.somo lies in the centre of the ring or half-ring (fig. 53).* 

Some cells with multiple or lobed nuclei have the centrioles replaced by a group of particles 
(multiple centriole). This is the case, for example, with the giant-cells of bone-marrow 
(fig. 54). 

* Flemming, Anat. Anz. vi. 1891 ; M. Heidenhain, ibid. For historical accounts of the centrosome, 
see Solger, Berl. med. Woch. 1891, and M. Heidenhain, Plasma u. Zelle, 1907. 

* Cf. Parmer, Anat. Anz. xiii. 1897 ; F. Meves, Verhandl. d. Anat. Ges., Anat. Anz. 1902 ; R. Hertwig, 
Sitz. d. Ges. f. Morph, u. Physiol. Munich, 1895. 

3 Trans. Roy. Soc. Edin. 1904. ‘ Biol. Centr. 1893, vol.xiii. and Arch. f. mikr. Anat. xlii. 1898. 

^ F. Meves, Diss. Kiel, 1893. 
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Occasionally the centrosoiue assumes an irregular form and is of considerably larger size than 
usual.’ The centrosome is connected, as we have seen, with fibrillar formations (asters, spindles) 
within the protoplasm. In columnar epithelium-cells (figs. 55, 56) the (double) centriole lies near 



Fio. 65. — Columnar epithelium-cells from 

DUCK-EMBRYO EACH CONTAINING A DIPLOSOME 
NEAR THE FREE BORDER. (M. Heidenhain.) 



Fig. 66. — Ckntrosomes 

IN EPITHELIUM-CELLS 
OP ILEUM OF MAN. 
(Gurwitsch, after Zim- 
mermanu.) 

Two cells are seen : one, 
a columnar cell, has a 
double centrosome near 
the free border ; the other, 
a goblet-cell, shows a 
single centrosome amongst 
the mucin granules. 


the free surface ; in goblct-cells it is in the middle of the mucin-containing part (fig. 56), and from 
one side a fine filament may project towards the free surface, while from the other side another 



Fig. 57. — Goblet - cell op 

SALAMANDER LARVA, SHOWING 
A DIPLOSOME WITH FIBRIL 
PROCEEDING FROM EACH OP 
ITS TWO PARTICLES WHICH 
LIE WTTHIN THE MUCIN-CON- 
TAINING PART OP THE CELL. 
(Gurwitsch, after Joseph.) 



Fig. .58. N I I'ESTicLE (sperma- 

tid), SHOWING THE T^IL FILAMENT 
OF SPERMATOZOON GROWING OUT 
PROM THE DOUBLE CENTRIOLE. 
(Niessing.) 


fine filament may extend into the protoplasm (fig. 57). The centriole is in close relationship 
with the development of the tail-fibril in spermatozoa (fig. 58) and with a very fine 


1 For variations in this body, cf. M. Heidenhain, Plasma u. Zelle, 1^07. In the spermatogonia of the 
salamander the centrosomes are large and well-marked and remain connected together in adjacent cells 
for some time after completion of cell-division (F. Meves, Arch. f. mikr. Anat. xliv. 1895 ; B. Rawitz, 
ibid,). 
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oilium-likc filament (centriole- filament) which is attached to certain secretory epithelium-cells 

(fig. 69).^ Possibly the basal particles of ciliated 
cells (see p. 72) are produced by division and 
multiplication of the centriolos (Lenhoss6k, Hen- 
neguy) (fig. 60). Centrosomes have also been 
thought to bo concerned with the formation of 
cell-membranes. 

As has already been explained, the phenomena 
of radiation from certain points can be imitated 
by inducing localised coagulation in the gel condi- 
tion of colloidal solutions (p. 13). Moreover, 
structures (artificial astropheres) closely resem- 
bling centrosomes, and like these having the 
property of initiating cell-division, can bo made 
^ to appear in the ova of Echinoids by adding 

certain excitatory agents^ to the sea-water in 

^ K which the ova are suspended (fig. 61). Facts 

Fig. 59.— a kenal epithelium-cell of , ,, , , ; ” ^ 

SALAMANDER LARVA, WITH CENTRIOLE such RS thcsc would lead one to suppose that 

FILAMENT. (M. Heifleiihain, after Mevos.) the centrosome is produced by a physical alteration 




Fig. 00. — Ciliated and non-ciliated cells from the epididymis of rabbit, (v. Lenhoss^k.) 
Each non-ciliated cell has a diplosome at its free border ; these are not seen in the ciliated cells, but 
in the latter the free border is occupied by a row of double particles with which the cilia are connected. 



* K. W. Zimmermann, Arch. f. mikr. Anat. Hi. 1898 (Centralgeisselapparat). 

^ Morgan, Arch. f. Entwicklungsmechanik, iii. 1896; viii. 1899; x. 1900; J. Loeb, Amer. Journ. 
Physiol, iii. and iv, 1900 and 1001 ; A. P. Mathews, itid. ; E. B. Wilson and Mathews, xii. and xiii. 
1901 ; J. Ijoeb, Dynamics of Living Matter, 1906. 
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in the cell-protoplasm and may be formed within thiscfe novo and not necessarily by the division 
of an existing centrosome. Nevertheless the latter is the ordinary method of production of 
centrosomes, and in most cells the centrosome, if not the centriole, is to be regarded as a 
permanent organ. 

THE STBUCTURE OF THE CELL-NUCLEUS. 


The cell-nucleus, in the so-called ‘ resting " (?.e. non-dividing) condition, 
is a spherical, ellipsoidal (fig. 62), annular (6g. 54) or irregularly shaped body 




Fig. 62. — Nucleus vkom a cell of 

THE INTESTINAL EPITHELIUM OP 

A YOUNG SALAMANDEK LARVA. 

(M. Heidenhaiii.) 

Magnified 2800 diameters. 

The membrane and network of 
basi-chromatiii (karyornitome) with 
enlargements (pseudonncleoli) at the 
nodes of the network are stained. 
Two nucleoli are seen. 


(fig. 63), usually single, sometimes double (fig. 
4:5), and rarely multiple (fig. 64), occupying a 
position in the cell which is generally near 
the centre, but may be altogether to one side ; 
or near one end of an elongated cell. 

The nucleus consists essentially of two 
parts, viz. : (1) of a formed material, the 
karyomitorne, which usually takes the shape 
(a) of threads disposed to form a network 
or spongework throughout its substance and (/?) of a membrane bounding it 
superficially and separating it from the cytoplasm ; (2) of a formless substance, 

the karyoplasm, clear and 
apparently structureless 
in the living condition, 
which occupies the meshes 
of the network and re- 
sembles the clear material 
of the cytoplasm. The 
relation of these substances 
to one another is similar 
to that of the spongio- 
plasm and hyaloplasm of 
the cell-protoplasm. That 
the hyaloplasm is of a 
similar nature in both 
nucleus and protoplasm is 
obvious from the similarity 
of their behaviour to 
staining reagents and from 
the fact that when, in the 
dividing cell, the membrane 
of the nucleus disappears, 
the karyo plasm is in full 
continuity with and is indistinguishable from the hyaloplasm of the cell- 
substance. Chemically the karyornitome is largely composed of nuclein, containing 
VOL. II. PART I. • D 


Fig. 64.— Giant-cell with multiple nucleus and many centri- 

OLE8 FROM LYMPH-GLAND OF BABBIT. (M. HeideilhalD.) 
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both as a primary constituent and as an alteration product. It is a 
common alteration product of most iron-bearing minerals. 

It is the principal ore of iron, and supplies more than 70 per cent of 
the total annual production of iron ores in the United States. The 
streak is one of its most distinctive megascopic properti(!s. 

Limonite 

Composition. — Limonite is the hydrous sesquioxidc of iron, 
Fe 403 ( 0 II )6 or 2Fc20:t.3H20, ami contains when pun; oxygen = 2.5.7, 
iron = .59.8, water 14. .5. Often impure and is frequently admixed with 
other hydrous oxid(‘s of iron. 

Form. — Noncrystalline. Occurs in earthy masses in rocks, and 
in deposits in mammillary and stalactitic forms with frequently radiating 
fibrous structure; also concrc'tionary, and in earthy dejx)sits. 

General properties. — Ijimonite has no cleavagia Luster sub- 
metallic to dull. Hardness .5 -.5.5 in the compact mineral. Specific 
gravity 3.6-4.0. Color is usually some shade of brown, brownish- 
yellow to very dark opacpie. Stnaik y('llow-brown, very characb'ristic 
and si'rves to distinguish it from hematite. 

Chemical tests. — It i.s difficultly fu.siblc hcfon> tlu; blowpipe, bi'coining .strongly 
magnetic after lu-ating in the reducing flamc'. Slowly soluble in hydrochloric acid, 
and yields much water when heated in closed tube. 

Occurrence. — Limonite is a .st'condary mineral fonntxl by wtaither- 
ing and alteration from other iron-be:tring compounds. It is frixpiently 
nott'd in ignt'ous iind metamorphic rocks tis smtill yellowish tairthy 
mtisscs (U'rived from otlutr iroir-bearing minerals, such tts pyrite, etc., 
by oxidation and hydration. It forms tin t'ssentitil jiart of 1 he gosstin or 
“iron hat” of many sulphidtt veins, as accumulations in btxls tind 
irregular bodies forming rt'sidual deposits from iron-bearing rocLs, 
especially ferruginous limt'stones, and in porous etirthy fonn known lus 
bog-iron ore deposited on the liottorn of swtunps, bogs, tind otht'r shallow 
water bodit's through oxidation of iron carbonate chit'fly (F('H 2 (C() 3 ) 2 ), 
and also from iron sulphatt'. Admixed with mon' or less clay it fonns 
yellow ocher, tind may then be of value as ti mineral pigment. It octturs 
as ti pigment or stain in various rocks tind is ti common cement of many. 

Limonite is an important ore of iron and ranks next to hematib' in 
importance in the United States; Alabama, Virginia, Tennessee, and 
G(!orgia being the principal producers. Otlutr hydrous oxides of iron 
are frequently admixed with limonite. 

Determination. — Its color, streak, and structure usually suffice 
to distinguish it from other minerals. 
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Carbonates 

The carbonates are salts of carbonic acid (H 2 C() 3 ) and are secondary 
minerals, formed by weathering of other minerals or derived from deeper 
sources within the earth. They may be deposited either in place or else 
carried in solution l)y water containing carbon dioxide into seas and lakes 
and precipitated by means of organic agencies as limc'stone, etc. Only 
two species of the calcitc; group {calcile and dolomile) of the aidiydrous 
earlwnates are of megascopic importance as rock-forming minerals. 


Calcite 


Composition. — ( 'alcit(; is calcium carbonate, CaCOj in which 
CaO = 56.0 and CO 2 = 44.0 per (;ent. 

Form. — Calcite crystallizes in the rhornbohedral division of the 
hexagonal system. Crystals arc varied in habit, are often perfect, and 



Fic. 32. 



Fi(i. 33. 


sometimes of larger siz(‘. The rhombolu'dron is the most common 
crystal form (Figs. 32 to 34). Otheu forms represcaited by Figs. 35 and 
36 .somedimes occur. As a rock-forming mineral calcite usually occurs 
fine to coarse-crystalline granular in marble, compact in ordinary lime- 
stones, loose and earthy in chalk, spongy in tufa, and stalaetitic in cave 
deposits. 



General properties. — Perfect rhornbohedral ch'avage in three 
directions intersecting at angles of 75 and 105 degrees (Fig. 37). 
Hardness 3. Specific gravity 2.72. Color usually white or colorless, 
but frequently exhibits a variety of color from impurities. Luster 
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number for the same species of animal in each nucleus, and capable of growth 
and of multiplication by division. This may also be true of their constituent 
chromioles. 

According to a theory tii st propounded by Rabl,‘ the chromosomes, although joined into a 
reticulum or oven a cluiuj), in the resting nucleus, retain their individuality, and when the 
nucleus becomes active during the prophases of karyokincsis, the chromosomes, which may be 
spherical, rod-like, or thread-like, become merely separated from one another by a withdrawal into 
their substance of the strands which connected them and by an accumulation of karyoplasm 
between them. In point of fact, in nuclei with few chromosomes, small masses of chromatic 
substance (fig. 70), in number equal to that normal to the species, may sometimes 

be observed in the reticulum of the resting nucleus ; '■* these serve as starting-points for the 
growth of the chromosomes (fig. 07). 

Kuclear membrane and network. — All nuclei except those in process of 
division appear to ])e bouiuh'd by a distinct membrane formed mainly of basi- 
cliromatiii, but probably consisting also of linin. This membrane forms a sharp 
division between nuclear contents and cytoplasm. It was at one time thought ^ that 
the membrane is frequently incomplete and furnished with pores, or even in the 



Fig. 70.— Cell showing chuo- 

MATIN OF NUCLEUS ACCUMU- 
LATED INTO EIGHT CHKOMO- 
PLASTS, WHICH ARE HEGIN- 
NING T>) GROW OUT TO FORM 
CHROMOSOMES. 



FlO. 71.--LYMPHOCYTE FROM BLOOD OF TrITON, 
FIXED BY A JET OF STEAM, AND STAINED WUTH 

HJEMATOXYLIN. (Schiifer.) Magnified 1500 
diameters. 

The nucleus exhibits a close and even 
network of basi-chromatin. 


condition of a basket-work. This may sometimes be the case so far as the chromatic 
portion is concerned, but the condition is rare : in nearly all cases of resting nuclei 
the mcmbr<ine appears in section as a sharply bounded line (fig. 68, a). On its inner 
surface the membrane is connected with strands of the karyomitome reticulum, which 
vary greatly in number and in thickness. These form, as already stated, a network or 
spongework throughout the interior of the nucleus, the trabeculae being sometimes 
equal and regular (fig. 71) ; in others, and the majority of cases, unequal in size and 
irregular in distribution (fig. 68, a). Sometimes the trabeculae appear to trend towards 
one pole of the nucleus. The material of which these strands are composed is, in the 
main, like the nuclear membrane, stainable by basic dyes, and in a nucleus thus 
stained their nodes or junctions show out more strongly than the rest, so as to give 
the appearance, under a moderate magnifying power, of distinct granules. Hence 
the descriptive term ‘ granular ' was constantly applied to cell-nuclei before the 
meaning of this appearance was understood. Occasionally the nodal thickenings 

^ Morph. Jahrb. x. iSbo ; Auat. Adz. vi. 18S1). 

^ See further on the individuality and independence of the chromosomes, Boveri, Ergebn. ii. d. 
Konstitution des chromat. Subst. 1904 ; 0. Hertwig, Allgeineine Biologie ; Gerassimow, Bot. Centr. 
1904 

^ Cf. Flemming, Arch. f. mil^. Anat. xiii. 1876 ; G. Retzius, Biol. Unters. 1881. 
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of the spongework are very large and the connecting strands are relatively fine, 
and in rare cases it is not possible to detect these strands at all, in which case 
the nucleus appears to contain clumps of chromatin suspended in its hyaloplasm 
(pseudonucleoli, fig. 55). 

Nucleolus (plasmosome, karyosome). — Most, but not all, nuclei exhibit, 
generally imbedded in a part of the karyomitome, but sometimes lying free in the 
karyoplasm, a very distinct and generally oxyphil body, known as the nucleolus^ 
usually of globular shape and composed of more highly refractive material than the 
rest of the nucleus. The nucleolus varies greatly in size : it is usually quite 
structureless, but is sometimes vacuolated, and occasionally, in doubly stained 
specimens, the central part ap])ears to be differently coloured from the peripheral 
part. ‘ 

The nucleoliirt is usually regarded as a ])roduct of nuclear nietabolisiu, ])os.sibly formed by a 
transforjiiation of the karyoplasm. It is occasionally double (fig. (>2), and in large nuclei may be 
multiple (fig. 54). In many cells, es])ecially tliose which arc in active ])roce.ss of growth, or in 
functional activity, nucleoli and ])arts of nucleoli arcobserved to be extruded into the cytoplasm, 
to which they appear to furnish materials which become further iiietabolised (t.f/. into secretion- 
granules and other products of cell-activity). Numerous observations of this character have 
been made by Montgomery,- and notices on the same sul)ject have been more? recently published 
by Carlier^ (in gland-cells), by Page .May and C. E. Walkin' (in nerve-cells), ‘ by Walker and 
Embleton (in Hydra),-’ and by Walker and To/er ‘‘ (in various vegetative cells). Monfgomery 
is disposed to regard the extruded portions of nucleolus as degeneration products, and 
Carlier speaks of thinn as representing ‘ellete materiaU ; but Montgomery admits that they 
eventuall}^ merge into cell-])rotoplasm, and the observations of Walker show that they undergo 
a gradual change in staining reaction after extrusion and gradually assimilate themselves to 
the ))rotoplasm. By Walker’s method of staining (combined acid and basic stain) the nucleoli were 
coloured by the basic stain whilst within the nucleus, and after extrusion their substance became 
more and more oxy|)hil. 4’he extrusion of nucleolar substance may here have beiui accompanied 
by a passage from the nucleus into the cytoplasm of some of thi^ basi-chromatin of the karyo- 
mitome ; such passage has been frei'uently described independently of nucleolar extrusions (see 
p. 58). 

Another view which has been expressed regarding the nucleolus is that it rcpr(‘sents an 
organ of the nucleus in which basi-chromatin is elaborated or manufactured, the basi-chromatin 
being transferred to the chromosomes, which thus increase in size at the expense of the nucleolar 
substance.^ The observations of Walker (see above) are somewhat in favour of a formation of 
basi-chromatin in the nucleolus, but in this case we cannot su])pose that the material has to 
do with the growth of chromosomes, since it is extruded into the cyto])lasm. 

According to the old concej)tion of cell-division the nucleolus was regarded as the organ 
which initiates this process — a conception which has been now transferred to the centrosome. 
Oases have however been recorded by modern observers in which the division of the nucleus 
has been preceded by that of the nucleolus. In amitotic division this is not uncommon, and it 
has also been observed in mitotic division. “ 


Variations in nuclei. — In some cases, as in the spermatozoa, there is 
no appreciable achromatic material within the nucleus, which appears as a compact 
mass of nuclein, staining intensely with basic dyes. In other cells the nuclein has 


1 According to Ferrata (Arcli. di Fisiol. 1900) tlie centre only is oxyphil, the periphery basiphil, 
the relative proportion of the two parts being subject to variation. C. E. Walker and Tozer also 
figure nucleoli composed apparently of two different substances. But it is usually accepted that true 
nucleoli are composed mainly of oxyphil substance and stain with acid or neutral dyes ; they may, how- 
ever, be covered by a basiphil envelope derived from the karyomitome. Sometimes the nucleolus has 
attached to it a small basiphil particle, which has been termed paranucleolus. The meaning of this is 
unknown 

^ Joum. of Morph, xv. 1H98 (witli literature to that date). 

•' La Cellule, xvi. 1899; ibid. xxii. 1905; Inaugural Lecture, Birmingham, 1899; Proc. Scot. Nat. 
Hist. Soc. V. 1909. 

^ Quart. Journ. Exper. Physiol, i. 1907. Ibid. 

'* Ibid. ii. 1908; this i)aper also includes most of the literature. 

" See, for a discussion of this view, T. H. Bryce in Quart. Journ. Micr. Sci. xlvi. 1905, where 
references to the literature are given. 

^ See on this subject R. Metzner, oj). cit. and M. Heidenhain, Plaspia u. Zelle, p. 194. 
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undergone a certain degree of vacuolation by accumulation of hyaloplasm within it, 
and this affords a transition to the sponge-like structure which most nuclei exhibit. 
In other cells again the nuclein is reduced to a very small amount and the 

nucleus is mainly formed of oxy-chromatic material, 
staining hardly at all with basic dyes. 

Occasionally, as in the nuclei of the cells of the 
salivary glands of the Chironomus larva, the chromatin 
is permanently in the form of a skein of interwoven 
threads instead of taking the shape of a network 
(fig. 72) : this condition, which generally is character- 
istic of commencing nuclear division, is rarely present 
in resting, i.e. non-dividing, nuclei, although not un- 
common in those of insects (Carnoy). 

Although it is probable that the substance of the nucleus 
— at least its nuclein — is of firmer consistence than the proto- 
Chibonomus larva. (Flemming.) plasm of the cell (which in the living condition is at most semi- 
fluid),* it must not be conceived as being solid, for it most 
easily alters its shape, either spontaneously or with any alterations in pressure which may bo 
imparted to it, such as occur from movements of the protoplasm. This is strikingly exemplified 
in amoeboid cells in which the nucleus is pulled first in one and then in another direction by 
the moving protoplasm, and assumes in consequence the most irregular bi-lobed, tri*lobed, or 
multi-lobed forms, the several 
parts or lobes being often nearly 
dragged asunder, although they are 
hardly ever completely separated, 
being joined by drawn-out threads 
of the nuclein material (fig. 73). 

The lobes are rarely angular, but 
usually rounded. All these circum- 
stances indicate that the material of 
which the nucleus is composed is of 
a soft and probably slimy consist- 
ence, and as the protoplasm is still 
softer and more fluid than the 
nucleus, it follows that the whole 
living substance of the cell, whether 
protoplasmic or nuclear, is, physi- 
cally speaking, more fluid than 
solid, and is subject to the laws 
which govern the behaviour of 
droplets of fluid material and 
especially the laws of surface 
tension. 

Chemically the nucleus resem- 
bles cell-protoplasm in the fact 
that both contain nucleic acid 
combined with protein. But in 
the nucleus the proportion of 
nucleic acid to protein is much 
larger than in the cytoplasm, and 
its protein tends to exhibit a simpler 
chemical constitution, assuming in 
certain nuclei, which have been specially chemically investigated, such as the nuclei of the 
spermatozoa of fish, the form of protamines, bodies of a far simpler coi^iposition than ordinary 
proteins. ‘^Phosphorus is an integral constituent of nucleic acid to the extent of nearly fO per cent., 

^ This has of late years been especially insisted upon by Rhumbler (Zeitschr. f. allg. Physiol. 1902). 

^ Kossel, Zeitschr. f. physiol. Chem., various articles from 1886 onwards. Also Sur les protamines 
&c. Soc. chim. de Paris, 1908; O. Cohnheim, cit. R. Burian, Ergebn. d. Physiol. 1904 and 1906. 
Protamine was first obtained by I^iescher (1870) from salmon-milt. 



Fig. 73. -Am(F.boid leucocytk op Triton fixed by a jet 

OF STEAM AND STAINED WITH HiEMATOXYLIN. (SchKfer.) 

Magnified 1360 diameters. 

The nucleus at first sight appears multiple, but on careful 
examination its several parts are seen to be united by threads 
of basi-chromatin. These are not all visible in the figure, which 
is an untouched photograph, and shows only one plane of the 
thickness of the corpuscle. 



Pio. 72 .— Gland-cell op 
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and the nucleus accordingly exhibits a much larger proportion of that element than the nucleo- 
proteins of cell-protoplasm, which, as just stated, are combinations of nuclein with protein, and 
contain much less nucleic acid. There further enters into the composition of nuclein a sufficient 
amount of iron to be detected in the nuclear chromatin by its micro-chemical reactions,* These 
reactions are not obtainable from the nucleo-proteid of the cell-substance, probably on account 
of the relatively small proportion in which iron is present in this. Iron can, however, be detected 
in considerable amount in the substance of certain cells, such as those of the liver and spleen, 
but it does not there form a part of the constitution of the protoplasm. In these places 
it is present in the form of an inorganic combination and not of an organic compound, as in 
nuclei. In the former case a direct test for ferric oxide will exhibit its presence, but in the 
latter case the organic compound must bo broken up by the action of a mineral acid before the 
presence of iron can bo shown.- 

Some light is thrown upon a possible mode of formation of the appearances of resting nuclei 
by the experiments of W. Berg,^ upon the behaviour of nucleic acid and protamines examined in 
microscopic drops under a high power of the microscope, both when mixed together in diiferent 
proportions and when their compounds are treated with water and fixative reagents. Berg 
describes the mixing of solutions of nucleic acid and protamine as producing a precipitate at 
first composed of solid globules, which become hollow. These run together where they come 
in contact with one another, to form a sort of froth, which gradually becomes homogeneous by 
disappearance of their vacuoles. If nucleic acid be now allowed to pass under the cover-glass 
the homogeneous masses become vacuolised ; if protamine solution is substituted for the nucleic 
acid solution, they become again homogeneous. Reagents which withdraw water cause de- 
vacuolisation of tho vacuolised nucleate of protamine. Addition of water reverses this process. 
Various changes are also produced in nucleate of protamine by fixatives. But certain fixatives 
cause no artificial structural change in this substance. This was found by Berg to be the 
case with osmic acid fixation. 


THE DIVIDING CELL. 

Cells multiply by division of pre-existing cells. The division of the cell proto- 
plasm is preceded by that of the nucleus, and this by that of the centriole : in 
this sense the last-named particle may be said to initiate the division of the cell.'* 

AMITOTIC CELL-DIVISION. 

By Kemak and the older histologists of the middle of the nineteenth century 
the division of a cell was described as produced by a simple separation of the nucleus 
into two parts, preceded by a similar division of the nucleolus. Tho separation 
was generally assumed to be produced by the pressure of the encircling protoplasm, 
this being followed by an elongation of the cell and a passage of the daughter- nuclei 
to opposite ends, this again by a constriction of the cell-body pinching the original 
cell into two, each containing one of tho daughter-nuclei. There seems reason 
still to believe that this simple or amitotic method of division occurs in some 
cells ; although it is difficult to be quite sure in all instances, unless the process 
can be watched from beginning to end, that karyokinetic changes, such as those 
immediately to be described, have not taken place rapidly and been missed. But in 
most cells it is impossible to follow the changes of cell -division in the living state, 
although in some they can be imperfectly seen. The usual method of studying the 
changes is to fix and stain the tissue and from the various phases of division which 
the cells exhibit to infer the order of change which actually occurs. And since 

* A. B. Macalluni, Quart. Jourri. ]\Iicr. Science, xxxviii. 185)5. Macallum found less iron in the 
substance of the nucleolus than in the chromatin of the nucleus. The presence of iron in nuclco-proteins 
had previously been shown by Bunge and others. The importance of this fact is emphasised by the 
observation of Spitzer (Pfliiger’s Arch. Ixvii. 1897) that the oxidising enzyme of the cell (oxidase) is 
associated with those constituents of the products of cleavage of the nucleo-proteins which wOntain the 
iron-group; this points to the cell-nucleus being the oxidising organ of the cell (J. Loeb, Zeitschr. f. 
Entwicklungsmechanik, viii, 1899). 

- Macallum, op. cit, ^ Arch. f. mikr. Anat. Ixii. 1903 and Ixv. 1905. 

^ The fact that in very many plant-cells no centriole can be detected, although tho formation of 
a division spindle and all the other phenomena characteristic of mitotic cell-division occur, shows that 
this body is not essential to cell-division. But an attraction-sphere ^centrosome) is present in all. 
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certain cells, when studied in this way, show stages of constriction leading np to 
complete division of the nuclei without, in any of the cells observed, presenting 
the appearances which are characteristic of karyokinetic cell-division, the cells in 



FlO. 71. — CkLL OF BLAPOEU EPITHELIUM, SHOWING AMITOTIC DIVISION OP NUCLEUS. (Nemileff.) 
c, cytoplasm; daughter-nuclei; /, strand of fibrils uniting daughter-nuclei. 

question are regarded as undergoing division by simple fission {amitotic division, 
from a, privative ; /xtro?, a thread : a filamentous structure of the nucleus 
being characteristic of ordinary cell-division). Amitotic division is said to be 
characteristic of the superficial cells of the urinary bladder * (sec fig. 74), and of the 



Fig. 75— a polymorph leucocyte op Triton fixed by a jet of steam during what appears 
TO HE amitotic DIVISION. (Schlifcr.) Magnified 1860 diameters. Untouched photograph. 


cells which line the basement-membrane of the seminiferous tubules of the testicle,^ 
and to be a common mode of division of the nuclei of the giant-cells of marrow.^ 
The polymorph leucocytes of the blood also appear to exhibit this mode of division 
(fig. 75). The process has been followed in them under the microscope by 
E. Klein* 

I Flemming, Arch. f. mikr. Anat. xxxiv. 1889. 

* For instiUicea of amitotic division, chiefly in invertebrata, see C. M. Child in Anat. Anz. xxx. 1007 
in embryonic cells, Maximow, ibid, xxxiii. 1908. 

^ C. £. Walker, Proc. Roy. Soc^B. Ixxviii. 1906. 
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MITOTIC CELIi-DIVISION : KARYOKINESIS. 

In by far the majority of cases of cell-division the nucleus undergoes a 
oomjjlex series of transformations prej)aratory to actual separation into two 
parts. These transformations are duo to active changes in its structure and 
are intimately bound up with remarkable changes in the centrosome, which 
proceed fari passu with those of the nucleus. To this nuclear activity which is 
characteristic of cell-division the term karifokinesis * was applied by Schleicher to 
distinguish it from the passivity of the nucleus which was at that time supposed 
to be the chief feature of cell-division, this being then believed, as already explained, 
to be brought about by the activity of the protoplasm alone. The transformations 
of the nucleus during karyokinesis result in the separation of the nuclein or chromatin 
into a number of similar parts of equal size, constant in number for each species of 
animal : to these the name chrommornes has been applied.^ In the majority of 
cases the chromosomes take the form of threads, anrl on this account the karyo- 
kinetic form of cell-division was termed mitotic by Flemming, while the nuclear 
appearances are known collectively as mitoses. As already stated, the chromosomes 
can in many cases be seen to be constructed of a linear series of chromatin particles 
(fig. 65) ; tlu‘se eventually form a double row' in each chromosome (fig. 66). 

Although all the changes observable in karyokinesis are quite continuous one 
into the other, it is convenient for descriptive purposes to (consider them as occurring 
in separate stages, and these again are grouped into two series — the anaphase, 
leading up to the main feature (meta phase) of nuclear division, viz. division of the 
chromosomes, and the kalaphase, leading away frojn this to the complete formation 
of daughter-nuclei. 

During the anaphase, the chromosomes are becoming distinct, being to all 
appearance spun out of the whole chromatic material of the nucleus, including 
the membrane and netw'ork (but not the nucleolus, which may persist for a time 
but afterwards disappears). The thread or threads of chromatin which are 
thereby produced have in the first instance the character of a constricted skein 
(spirem), but this is soon found to be broken up transversely into a number of 
chromosomes of equal length and usually V-shaped. These before long arrange 
themselves around the equator of the somewhat ellipsoidal nucleus. When the 
nuclear membrane disappears the nuclear and cell contents come into complete 
continuity. The nucleolus may persist for a short time, but it disappears before 
the equatorial stage, becoming apparently discharged into and broken up or 
dissolved within the protoplasm.*^ 

There is occasionally seen a division of the nucleus into three (or more) parts 
preceded by the appearance of multiple centrosomes.* This is more common in 
pathological new formations than in normal tissues, but has been described as a 
normal occurrence in giant-cells of marrow."’ It may occur in the ovum as the 

^ Kapvoy, a kernel; kiv7}(Tis, movement. For the early history of this subject, with literature to that 
date, see Waldeyer, Arch. f. mikr. Anat. xxxvii. 1891, Since then the papers on the subject are 
innumerable. Amongst them may be especially mentioned those by Flemming, F. Hermann, Rabl, 
Meves, and other authors which have appeared in the Arch. f. mikr. Anat. and those by Carnoy and his 
fellow-workers which have been for the most part published in La Cellule. 

- The number of chromosomes in the somatic cells of man is 24 ; in the matured germ-cells 12 
(J. Duesberg, Anat. Anz. xxviii. 1905). This agrees with the earlier computations of Flemming (Arch, 
f. mikr. Anat. xx. 1881) and Hausmann. The following animals and plants have also been found to 
have 24 chromosomes in the somatic cells — viz. : Salamandra, Salmp, Helix, Liliura, Leucojum. 
V. Bardeleben and E. B. Wilson both give 16, and Ziegler 82, as the number in man, but 24 seems to 
be the true number. The number in different animals and plants varies from 2 to 64, possibly more. 
C. E. Walker (Proc. Roy. Soc. B. Ixxviii. 1906) states that mitoses in which there are bui half the 
usual number of chromosomes in each daughter-cell are to be seen in the cells of bone-marrow and of 
lymph-glands and in leucocytes, but this observation requires confirmation. 

See on the disappearance of the nucleolus in mitosis, E. J. Sheppard, Quart. Journ. Micr. Sc. liv, 

1909. 

^ O. Hertwig, Virchow Festschr. 1891. 

’ Van Bambeke and Van der Stricht, Soc. de in6d. de Gand, 1891. • 




Flo. 76 . — Stages in the transformation of the chromatin of ncclei of epithelium- 

CBLLS OF THE SALAMANDER LARVA, LEADING TO THE FORMATION OF CHROMOSOMES. 

Magnified 2300 diameters. (M. Heidenhain.) 

1. Chromatin still forming a network, but the fibres are becoming collected into convoluted 
threads. 2. Spirem condition, with distinct convoluted threads intertwined with one 
another. 3. The threads of the spirem are thicker and shorter, and are beginning to show their 
individuality. 4. The chromosomes are now distinct, and are about twenty-four in number. 
They already show indication^ of longitudinal splitting. 



Fig. 70 {continued].— Vvm'UKU stages in the transfobmation of the chromatin of 

NUCLEI OF EPITHELIUM-CELLS OF SALAMANOER LARVA, LEADING TO THE FORMATION OP 
DAUGHTER-NUCLEI. (M. Hcidenhain.) 

5. Tlie split chromosomes are beginning to become arranged around the equator of the 
spindle (the spindle is not shown in any of these figures). 6. Equatorial arrangement of 
chromosomes ; one chromosome is dislocated. 7. 'The split chromosomes are in two groups which 
have passed towards the poles of the division-spindle to form the daughter-nuclei. 8. Com- 
pletion of the process ; the daughter-nuclei are now distinct from one another, the cell- 
substance (not here shown) having also undergone division. Notice that the chromdioraes 
within the daughter-nuclei show chromatin particles, and that a chromatin network is 
becoming formed by lateral outgrowths from these particles. 
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result of entry of more than one spermatozoon, and is common in artificial partho- 
genesis (fig. 61).^ 

Long before the formation of chromosomes is completed a remarkable series of 
alterations has occurred in connexion with the centrosome (figs. 78, 79). This, as 
already stated, always divides prior to cell-division and even before any alteration 
is perceptible in the nucleus, and from each of the two centrosomes which are thus 
produced achromatic fibrils radiate in all directions into the surrounding proto- 
plasm. Those which are directed towards the other centrosome are especially well 
marked and serve to join the two centrosomes, constituting a spindle-shaped 
system which has been termed the (liv is ion-spindle. This division-spindle lies 
at first lateral to and wholly outside the area occupied by the nucleus, but with 
the disappearance of the nuclear membrane and the formation of chromosomes 
it rapidly enlarges and its fibres are found to traverse the nucleus from end to 
end, the two centrosomes occupying the poles of the now elongated nuclear 
area.^ It is around the equator of this spindle that the V-shaped chromosomes 
arrange themselves, with the apices of the Vs directed towards the centre of the 
spindle, so that when regarded in optical section, from the direction of either pole, 
tlie Vs radiate in a stellate fashion around the equator {equatorial arrnrujement of 
chromosomes) (fig. 79, 5). This appearance has given rise to the term aster or 
monaster, which is often applied to this stage of karyokinesis. It is usually now 
that the chromosomes begin to split longitudinally, each into two parts (fig. 83, B) ; 
but even before this stage and whilst the threads are still convoluted it is apparent 
that they are double, although they are not actually separated. The process of 
separation (u^etakinesis) begins at the apex of eacli V and extends along the limbs, 
and the resulting apices begin to pass towards the respective poles of the nucleus, 
one to each, whilst the ends of the limbs are still in contact with one another at the 
equator (fig. 83, C). But soon the separation l.)ecomes completed and the resulting 
chromosomes pass bodily towards the respective nuclear ])oles, where they again 
tend to group themselves in a stellate manner (fig. 83, E). The double figure which 
is thereby produced is known as the diaster and its formation marks the 
completion of the object of karyokinesis— viz. the separation of the split c1iromoso)nes. 

The movement of the daughter or secondary chromosomes (which have resulted 
from tJie splitting of tlui primary chromosomes) towards the poles takes place 
along the fibres of the division-spindle, especially along those near its surface, 
which appear to guide the chromosomes, and have even, but on insufficient 
grounds, been supposed to contract and draw them towards the respective ceutro- 
somes. When the diaster is formed by the passage towards the centrosomes and 
nuclear poles of the two sets of secondary chromosomes, and by their grou])ing 
near and partly around these, they may be regarded as already forming two 
nuclei, the dauqhter-nuclei (fig. 77, /). These undergo a series of changes which 
result in the re-establishment of a reticular structure in the nuclear chromatin : 
these changes form the telophase. They consist cither of an outgrowth from the 
chromosomes of lateral offsets which join them together into a network, or a clumj)- 
ing together of the chromosomes of each daughter-nucleus to form a chromatin mass 
(fig. 79), the apparent fusion beginning at the middle of the chromosomes. This mass 
undergoes vacuolisation and is thus eventually converted into a sort of spongework, 
the strands of which are connected by lateral offsets with one another. In this way 
there becomes formed a chromatin network, at the periphery of which a membrane 

1 It has also been described in erythroblasts (Van der Stricht), testicle-cells of Myriopods (Prenant, 
La Cellule, 1887), amnion of rat (Solger, Anat. Anz. 1891), cornea of Triton (Geberg), and in many 
embryonic cells (Kostanecki, Anat. Hefte, 1892). 

^ On the mechanism of the formation of the division-spindle, see F. Hermann, Arch. f. mikr. Anat. 
xxxvii. 1891; Kostanecki and Siedlecki, ibid, xlviii. 1897; Kostanecki, ibid. xlix. 1897; R. v. Erlanger, 
ibid. i, 
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makes its appearance. Later a nucleolus may become formed in each of the 
daughter-nuclei.^ 

In the meantime and while the daughter-nuclei are in process of formation the cell- 
protoplasm begins to show a separation opposite the equator of the nucleus (fig. 77 m), 
and this separation extends in from the surface to the centre until the cleavage is. 



Fig. 77. — Epithelium- 1 Li.Ls ui .salamandeu lahva, showing different conditions 
OF MITOSIS. The cells were hardened in picric or chromic acid, and stained 
WITH H.EMATOXYLIN OR SAFFRANIN. (Flemming.) 

a, resting cell, showing the nuclear network; 6, first stage of division, the chromatin trans- 
formed into a skein of closely contorted filaments; c, second stage, filaments larger and less 
closely arranged : in this and all the other figures except a the nuclear matrix is clear ; 

(I (rather more magnified than the rest), filaments larger and showing an arrangement in 
loops : this is more evident in e, wdiere they are arranged round the equator of the nucleus ; 
fj filaments beginning to show signs of longitudinal division ; longitudinal splitting more 
pronounced: star-like arrangement of chromosomes (aster); /z, completion of longitudinal 
splitting of the filaments ; /, commencing separation of filaments into two groups (meta- 
kinesis) ; y, further separation into two sets ; A*, separation more advanced ; f, stellate phase of 
daughter-nuclei (diaster) ; w, commencing convolution of the filaments ; zz, filaments more 
contorted ; o, />, gradual passage of daughter-nuclei into condition of rest (network, q). The 
division of the protoplasm is seen to begin in the stage represented by in and to be rapidly 
completed (at n). 

complete. In most vegetable and in a few animal cells the separation of the proto- 
plasm occurs simultaneously along a plane which exactly bisects the original cell 
and nucleus, and the line of separation is marked before separation actualf^^ occurs 
by a series of beaded enlargements of the fibres of the division-spindle, all which 
enlargements lie in the plane of subsequent division and seem to initiate that- 

^ Gregoire et Wygaerts, La Cellule, xxi. 1908 ; Kowaleski, ibid. 
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division by themselves first dividing. This plane of beaded enlargements is the 
division-flane and the enlargements form collectively the equatorial opiate (fig. 80) ; 
but this is absent in the division of most animal cells, the protoplasm of which 
seems as a rule to divide by a pinching-in or constriction which begins at the surface 
and gradually reaches the centre of the elongated cell. But the gap between these 



Fiu. 78 . — Diaouam showing the changes which occvr in the centuosomes and 

NUCLEUS OF A CELL IN THE PROCESS OF MITOTIC DIVISION. 

The luicleus is supposed to have four chromosomes. 


remains for a time bridged across by fibrils which are the remains of the equatorial 
part of the division-spindle, and there is often to be seen in the middle of the bridge 
a particle (fig. 81) which may be distinctively stained and perhaps represents the 
equatorial plate seen in other dividing cells. ^ This particle is the intermediate 
corpuscle of Flemming. 


’ Geberg, Anat. Anz. 1891. 
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The karyokinetic process has been watched in actual progress in all its stages by 
more than one observer. The time occupied has varied in different animals from 


half an hour to three hours. Observed thus 
possible to follow out all the details of 
the process, which have only been eluci- 
dated in tissues the cells of which have 
been fixed by appropriate hardening re- 
agents and afterwards stained. 



Fio. 80.--Oell-i>late in dividing spore-cell 

OF LILY. 

(Gurwitscli, after Zirnmermann.) 


the living cell (fig. 82 ) it is not 



a 


Fig. 81. — Dividing cell constricted to form 
TWO daughter-cells each with CENTRO- 
SOME. (Geberg.) 

The particle at the junction of tlie daughter- 
cells represents a rudiinentary cell-plate. 




Fio. 8‘2. — Stages in the division of the nucleus of a living epithelium-cell in the 

EPIDERMIS OF A SALAMANDER LARVA. (Flemming.) 

rt, coll showing tlie nucleus transformed into a mass of contorted filaments; the nuclear 
filaments have become fewer, and begin to assume a converging arrangement ; c, stellate form ; 
d, c, oi|uatorial stage, which was found to come and go more than once : eventually the 
filaments accumulated in a direction parallel to one anotlier near the centre of the cell, and 
then gradually separated into two sets as shown in /. These as they retired towards the 
poles gradually assumed the stellate form g (diaster). The time occupied whilst the stages 
above represented wore passed through was about three hours. 

Leduc * obtains appearances closely resembling those of karyokinetic nuclei by placing in a 
salt solution of a certain strength, which wc may term isotonic, two drops, near one another, 
of a stronger or hyper-isotonic solution, and in the middle of each of these a smaller drop of a 
weak or hypo-isotonic solution containing China ink in suspension. As seen in fig. 84 the 
formation of a division-spindle is singularly imitated, as well as the passage along it of chromosome- 
like threads which tend to become arranged at the equator of the spindle and may subsequently 
separab^ into two groups and pass towards the poles. 

It has been shown by R. S. Lillie * that many of the positions which are successively assumed 
by chromosomes in the course of karyokinesis may bo explained if we assume that the astral 

' C. r. do I’assoc. fraiiv. p. ravancement de science, 1904. 

* Amer. Journ. of Physijl. vol. xv. 1905. 
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centres are negatively charged portions of protoplasm — a condition which would bo brought 
about if reduction processes wore active at those centres. The result of this would be that 
the plane of the equator of the spindle joining the astral centres would become iK)sitive, and 
would tend to attract any negatively charged bodies floating freely in the protoplasm. This is 
certainly the condition of the chromosomes, which are pronouncedly acid and are to bo looked 




Fig. 83.— The piuncipal phases of the nuclear chromatin filaments in the process 
OP ordinary mitosis of the somatic cell. (Flemming.) 


skein or spirem ; J3, aster with splitting of chromosomes ; C, separation of the split 
chromosomes (metakinesis); D, continuation of this process; /s’, diaster ; dispirem. The 
cell-protoplasm is represented in outline in F : it has itself undergone division at this stage. 
In this figure the (somatic^ cells represented are HUX)po8ed to have eight chromosomes. 



Fio. 84. — Figure assumed by drops of a suspension of China ink in salt-solution 

WHEN PLACED IN THE MIDDLE OF LARGER DROPS OF A SALT-SOLUTION OF GREATER 
DENSITY. The CIRCUMJACENT FLUID IS OF INTERMEDIATE DENSITY. (Verwol'n, after Leduc.) 


upon as aggregates of anions ; in this manner the changes in position which they as;ume in 
karyokinesis might be explained. Such changes of position can be imitated with Mayer’s floating 
magnets, composed of magnetised needles passed through small pieces of cork and allowed to 
float on water with similar poles uppermost. If such magnets are conjoined by threads or wires 
into linear series and the repulsive poles of two fixed bar magnets are brought near the opposite 
VOL. II. PART I. E 
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sides of a group of such * chromosome models,’ the latter tend to arrange themselves equatorially 
in a manner roughly similar to the equatorial arrangement of the chromosomes in karyokinesis. 
For explaining the further movements of the chromosomes after their splitting we should have 



Pio. 85. — HeTEHOTYPICAL (I.) AND HOMOTYPJCAL (II.) MITOSIS OF THE GENERATIVE* 

CELL. (Flemming.) 

The asterisk marks the middle, the cross the end of a chromosome. 

The changes are to be compared with those shown in fig. 83. In the hetero- 
typical form the chromosomes are already arranged in pairs before division com- 
mences ; this condition (geminal condition, a) having been produced in the 
synaptic prophase. A longitudinal split is seen in the diaster stage and the 
daughter-nuclei have the somatic number of chromosomes (8 in this instance). 

In the homotypical form there is no longitudinal split of the V-shaped chromo- 
somes (which are, however, arranged in pairs), and the separation to form the 
daughter-nuclei results in a reduction to one-half the somatic number. 

to suppose that the electrical charge, either of the split chromosomes or of the poles of the spindle, 
becomes changed in character. 

The phenomena shown in Leduc’s experiment are also probably brought about by the elec- 
trical charges of the electrolytes in the solutions employed (Rhumbler). 
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Division of the grenerative cells. — In most instances of cell-division 



the two daughter-cells are exactly equal in size. But an exception to this rule 
occurs in the ovarian ovum or oocyte. This contains a large, well-marked nucleus 
and nucleolus, known respectively as the germinal vesicle and germinal spot. Just 
before or immediately after its extrusion from the ovary the ovum undergoes karyo- 
kinetic division twice in rapid succession, and in both instances, although the two 
daughter-nuclei are of equal size, the resulting cells are very unequal so much so in 
fact that the smaller daughter-cells were for a long time not recognised as cells at 
all and received the name of polar globules or directive corpuscles^ because they 
were supposed to indicate the plane of first division of the ovum after fertilisation. 
It is now known, however, that the mitoses which occur in these two divisions are 
different from those which are seen in ordinary or somatic cells. The first of the 
two was termed by Flemming * heterotypical mitosis (fig. 85, 1.). Tliis form of mitosis 

is preceded by a prophase which con- 
sists of a longitudinal fusion of the 
chromosomes into double filaments 
(synapsis), so that each apparent 


Fig. 86.— Heterotvpical division of spermato- 
cyte OP BATRACHOCEPS, IN STAGE OF 
METAKINESIS. (Eiseil.) 

Each chromosome is attached to one of the 
coarser threads of the division-spindle. 


Fig. 87. — Heteuotypical division of sperma- 
tocyte OF Salamandua, showing commence- 
ment OF formation of daughter-nuclei. 

The CHROMOSOMES SHOW THE SECONDARY 
LONGITUDINAL SPLITTING DESCRIBED IN THE 
TEXT. (F. Meves.] 


chromosome represents really two (getnini). Presently these begin to separate 
again about the middle, the ends remaining connected, and they thus form elongated 
rings, sometimes twisted, and by a shortening of the constituent chromosomes 
often becoming more or less circular. Ultimately each ring breaks across and the 
resulting chromosomes pass towards the poles to form daughter-nuclei. As they 
do so they split longitudinally, so that these daughter-nuclei now have the full 
number of chromosomes. The formation of the second polar globule is brought 
about by a subsequent mitosis, which was termed by Flemming homotypical 
(fig. 85, II.). This division occurs at once without the daughter-nucleus which is left 
in the ovum re-assuming the resting, reticular condition. In it there is an absence 
of the usual longitudinal splitting of the chromosomes, the daughter- nuclei being 
in this case formed by the bodily transference along the division-spindle of one-half 
of the total number of chromosomes of the mother-nucleus towards each pole of 

1 Arch. f. mikr. Anat. xxix. 1887. 
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the spindle. The result is that both the second polar globule and the ovum, 
which represent the cells resulting from the second division, have only one-half 
of the number of chromosomes which is usually found within the somatic cells 

of the particular species of animal.^ This 
phenomenon is known as the reduction-division, 
because the result is to produce a nucleus 
within the ovum in which the number of 
chromosomes is reduced to one-half the ordinary 
or somatic number. The nucleus remaining in 
the ovum, although it soon grows to a con- 
siderable size and may assume the ordinary 
appearance of a resting nucleus, nevertheless 
differs in the above important particular from 
the ordinary cell-nucleus. It is known as the 
(fcrm-nucleus or the female 'pronucleus, and its 
formation is an essential preliminary to the 
completion of fertilisation. The changes which 
lead to the extrusion of the polar globules and 
the production of an ovum which is ready 
for fertilisation are known collectively as 
maturation of the ovum. 

Similar heterotypical and homotypical 
mitoses, preceded by a synaptic phase and 
eventually resulting in reduction of the number 
of chromosomes to one-half, occur also in the 
division of the cells (spermatoci/tes) (figs. 87, 88) which produce the spermatids, 
which develop into spermatozoa. The latter, as a study of their development 
shows, are detached motile flagellated cells of exceedingly minute size, com- 
posed of head, middle piece, and tail. The 
head is formed almost entirely by the nucleus 
of the spermatid, the middle piece represents the 
remains of its protoplasm, and the tail or cilium 
contains a filament which has grown out from 
its centrosome (fig. 4, T.). The nuclear chromatin 
of the head of the spermatozoon is constituted, 
to more than IK) per cent., of nucleic acid. 

This head appears, even under the highest 
powers of the microscope, as a uniform mass 
of chromatin, but the study of its development 
shows it to have been formed by the blending 
of chromosomes which, in consequence of the 
reduction-division already mentioned, are just 
one-half the number found in the ordinary 
somatic cells of the same animal. It is there- 
fore, again, not a complete but a half nucleus. 

This constitution of the nucleus is strikingly 
shown when it reaches the ovum and undergoes enlargement within that body. 
Having passed through the external membrane of the ovum, in some animals 
through a special orifice known as the micropyle, it becomes imbedded in the proto- 
plasm, the tail disappears (although sometimes it remains visible for a time, fig. 89), 

' The first polar globule may also divide into two, and each of these also has then only one-half the 
usual number of chromosomes. For an account of the division phenomena which characterise the 
maturation stages of the ovum, see vol. i. For other details, see Ries, Centralbl. f. Physiol, x.viii. 1909. 



BODIES AND OKUM- AND SPERM-NUCLEI. 

(Van der Stricht.) 


The development of the sperm-nucleus 
from the head of the spermatozoon is 
very evident in this case, because the 
rest of the spermatozoon happens not to 
have been thrown off. 



Fio. 88.— Homotypical division of 

SPERMATOCYTE (SECOND GENERA- 
TION) OF Salamandha at stage of 
METAKIN EHI8. (F. Meves.) 

The chromosomes (only four of which 
are represented) are beginning to pass 
towards the poles of the nucleus. 
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the head grows larger and exhibits the usual nuclear network. It is now known 
as the sperm -nucleus or male pronucleus. The centrosome which was con- 
tained in the middle piece 
of the spermatozoon be- 
comes free within the 
protoplasm of the ovum.* 

It there divides and forms 
a division - spindle, whilst 
fine lines radiate from the 
poles of the spindle (centro- 
somes) into the surrounding 
X^rotoplasm. There are 
now two half-nuclei in the 
ovum, the germ-nucleus 
and sperm-nucleus, or the 
female and male pronuclei, 
one derived from the nu- 
cleus of the ovum and the 
other from the head of 
the spermatozoon.^ These 
(fig. 90) approach one an- 
other, the chromatin of 
each separates up into 
chromosomes, the outlines 
of the two nuclei blend and 
the chromosomes are inter- 
mingled, so that the result- 
ing nucleus has now the 
number of chromosomes 
normal to the somatic cells 


' No centrosome can be 
detected in the ovum after the 
formation of the germ-nucleus ; 
and this is probably why the 
ovum does not divide again until 
a new centrosome is brought to 
it in the process of fertilisation. 
The centrosome of the spermato- 
zoon is probably the essential 
element in initiating fertilisation 
(Boveri), and appears to be the 
parent of the centrosomos of 
all the cells which result from 
division of the fertilised ovum. 
In parthenogenctic ova the 
oentrosome of the ovum does not 
disappear, but remains to initiate 
cell-division. Nor does the reduc- 
tion-division above mentioned 
occur. For a review of the 
literature up to 1902, see T. H. 
Bryce, Quart. Journ. Micr. Soc. 
xlvi. 

^ This remarkable fact was 
discovered by 0. Hertwigin 1876, 
Morph. Jahrb. Bd. i. Details 
regarding the processes of ma- 
turation and fertilisation were 


Fig. 90. — Matukation, fertilisation, and first division of 

OVUM of Ascaris megalocephala (bivalens) (slightly modi- 
fied from E. B. Wilson after Boveri). 

A, second polar globule just formed ; the head of the sperma- 
tozoon is becoming changed into a reticular nucleus ( $ ), which, 
however, shows distinctly two chromosomes ; just above it, its 
archoplasm is shown : the egg-nucleus ( ^ ) also shows two 
chromosomes. 

By both proiiuclei are now reticular and enlarged ; a double 
centrosome (a) is visible in the archoplasm which lies between 
them. 

C’, the chromatin in each pronucleus is now converted into two 
filamentous chromosomes ; the centrosomes are separating from 
one another. 

Dy the chromosomes are more distinct and shortened ; the 
nuclear membranes have disappeared ; the attraction-spheres are 
distinct. 

Ey mingling and splitting of the four chromosomes (c) ; the 
achromatic spindle is fully formed. 

Fy separation (towards the jxiles of the spindle) of the halves 
of the split chromosomes, and commencing division of the 
cytoplasm. Each of the daughter-cells now has foutj^hromo- 
somes ; two of these have been derived from the ovum nucleus, 
two from the spermatozoon nucleus. 


subsequently added by the work 
of E. Van Beneden, Boveri, and 
others, chiefly upon the threadworm known as Ascaris megalocephala ; in one variety of which 
(bivalens) there are four chromosomes, in another (monovaleiis) only two, so that the following out of 
their changes in the various stages of cell-division is relatively easy. • 
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of the species (as distinguished from the germ- and sperm-cells, which have only 
half that number), one half the total number having been derived from the 
female and the other half from the male parent. This resulting nucleus divides 
by ordinary karyokinesis (fig. 90, E, f) ; the chromosomes split ; half of each 
passes into each daughter-nucleus, and thus each daughter- nucleus in the first 
and, it may be added, in every subsequent division, receives an equal portion 
of the chromatic material which was derived from each parent. The division 
of the nucleus is accompanied by changes in the division-spindle exactly similar 
to those which occur in the division of any other cell. 

Betailt of the synaptic changes of the germ-cells and their reduction-divisions. — 

In the division of cells to form the oocytes within the ovary and in the division of the sperma- 
tocytes within the testicle, a scries of changes occurs in the nucleus prior to its commencing 
karyokinesis, but these do not immediately lead to its division, although they are preparatory 
to that process. The changes are essentially the same for both sexual cells and the description 
in the one will apply mutatis mutandis to the other (figs. 91, 92). 

The chromatin of the cell whoso repeated division is to produce the matured sexual cell is 
granular : after the first division the nuclei of the daughter-cells develop chromatin filaments 



Fia, 91.— Prophase and anaphase in spermatocyte of Myxine. (Schreiner.) 

a, 6, synaptic prophase ; c, dy germinal chromosomes ; e, tetrad formation ; /, equatorial arrangement 
. of chromosomes (metakinesis). 


which eventually form a network. This network gives place to a tangle of chromatin threads 
(figs. 91, 92), which become aggregated at one place. This has been termed the synaptic phase. 
The threads, which are connected at one end with small masses of chromatin {chromoplasts), 
from which they appear to grow out, next show a tendency to assume a parallel position, 
lying a^e by side, two and two, and the pairs of chromatin threads adhere closely together, 
forming thicker threads of half the original number. The thicker threads thus formed 
presently lose their tangled arrangement and are disseminated through the nucleus. The 
threads show a longitudinal separation indicative of their double nature, and are termed diads. 
These subsequently shorten into small masses of chromatin, the duplicate nature of which 
is often obscure at this stago This phase is followed by a marked growth of the cell, which 
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is then ready to undergo the divisions by which the mature ovum and polar globules, or by 
which the spennatids, are produced.* 

There is another peculiarity sometimes observable in these changes of the germ-coils which 
may be here alluded to. This is the so-called tetrad formation. It consists in the chromosomes 



Fio. Some stages in the maturation op the eoo op the rabbit. 
(Winiwater.) Magnified 1700 diameters. 

a, nuclear network converted into delicate looping threads ; fc, synaptic prophase (fine 
threads) ; c, synaptic prophaso (thick threads) ; d, nucleus now occupied by double filaments ; 
c, double chromosomes. 


which have been produced in the manner above described becoming connected together into 
groups of four, which are known as tetrads. The.sc take the form cither of quadruple bundles of 
chromatin rods or of minute 


squares with a chromatin par- 
ticle at each corner, or of 
chromatin rings which exhibit 
enlargement at four equidis- 
tant points (fig. 93). When 
formed, the number of tetrads 
is always half that of the 
ordinary number of chromo- 
somes, but as each consists of 
four elements they contain 
collectively twice the ordinary 
number of chromatic elements, 




a splitting of the diads having 
occurred to produce the tetrad 
groups. When the ovum 

1 These changes were de- 
scribed in the ovary of the rabbit 
by V. Winiwarter \Arch. de biol. 
1900), whose account has been con- 
firmed by Miss J. Lane-Claypon 
(Proc. Roy. Soc. 1905) ; in the 
cat by Winiwarter and Sainmont 
(Arch. biol. xxiv. 1908) ; in the 
spermatocytes of Myxine by A. 
and K. E. Schreiner (Arch, de 
biol. xxii.) ; and in Selachians by 
J. Marechal (Anat. Anz. Bd. xxv. 
p. 883, 1904). The synaptic stage, 
which has also been described in 
the process of spermatogenesis, 
is not universally met with in that, 



Fig. 93. — Three stages of heterotypb^ mitosis in 
spermatocyte of Triton. (Moore.) 

(7, geminal condition of chromosomes ; 5, gemini aiiftinged in 
quadrate loops or tetrads; c, separation of tetrads into the 
duplex chromosomes of the daughter-nuclei. 


according to Duesberg (Arch. f. Zellforschung, iii. 1909). Cf. Moore and Walker, Rep. Cancer Res. Lab. 
Univ. Liverpool, 1906 ; Fick, Arch. f. Zellforschung, i. 1908 ; Goldschnydt, ibid . ; F. Meve8,i5td. 
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divides to form the first polar body, each tetrad separates (longitudinally, if the group is linear) into 
two diads ; and of these one remains in the ovum and the other passes into the polar body, or, in 
the case of the spermatocyte, one passes into each daughter-nucleus ; each resulting cell therefore 
contains the normal number of chromosomes peculiar to the somatic cells of the species. At the 
second (or reduction) division, which immediately follows the first without a resting period, eaeh 
diad is halv ed, and of the chromosomes resulting from its division one remains in the ovum and 
the other passes into the second polar body, or, in the ease of the spermatocytes, one passes into 
each spermatid, so that the ovum or spermatid, as the case may be, is left with one-fourth of 
each original tetrad and with a number of chromosomes which is exactly one-half the number 
found in the somatic cells of the s]>ecies. 

Object of the karyoklnetio changres in the dlvldlngr cell. — 8inco in the process of 
splitting (‘Hch chromosome divides into two ])erfectly similar portions, and this is effected by 
the splitting of its individual chroinaf in particles, it is clear that we have in the karyokinetic 
process a mechanism for an exact quantitative division of the chromatic substance of the 
nucleus between tin; two daughter-nuclei ( Ronx) ; whereas in the reducing division of germ- 
coils (ova and spermatic cells) tin? distribution of chromatin may be (qualitative (see below). 
From a consideration of these facts and of many other circumstances which it is impossible 
here to allude to, Weismann has concluded that the chromosomes (idants) with their con- 
stituent ])articles (ids) contain the pliysieal material by means of which heredity is main- 
tained : the chromatin pai ticles (ids) themselves being assumed to be made up of a vast 
number of ultra-microscopic organised particles which are distributed variously in the daughter- 
cells as multiplication procc^eds, and are the ‘ determinants ’ of the changes in the cells which 
load to the formation of the various tissues and organs of the body. The determinants again 
are n'garded as b<‘ing themselves composcMl of molecules of living sul)stance to which the 
name of ‘ biophores ’ is applied by Weismann. Th(5 lesult of th(‘ reducing division of the 
chromosome may bo supposed to effect a separation of the (probably dissimilar) ids of each 
(diromosome, without a s[)litting of the individual ids, whereas in their ordinary division the 
resulting danghtcr-chromosomes an^ probably of exactly similar nafuns since each of the ids 
of which the chromosomes or idants arc formed has split, and takes ])art in the formation of 
each daughter-chromosome. The importance which this dilferenc(; of ))ehaviour of the ids in 
the reducing division may have in producing variation is insisted on by Weismann ' and others. 

I'he reduction-division also occurs in plants, and in them it may show itself long before the 
ova and spermatozoids appear. Thus in the ferns all the cells of the prothalliuin have the 
reduced number of chromosomes (Strasburger), in Tfepaticie those of the sporogonium (Farmer), 
and in Gymnosperins those of the endosperm (Overton, Dixon). In tlowering plants the reduced 
number is found in the pollen grains and in the cells of the embryo-sac respectively (Guignard). 
A modified tetrad formation may also be observed — c.(j, in the first division of the mother pollen- 
cells. 

►Strasburger has enunciated the interesting hypothesis that the reduced number of chromo- 
somes is the number belonging to an ancestral type, and that the somatic number arose 
subsecqueiitly by conjugation of two cells. The cells which have the reduced number (germ- 
and sperm-cells) show therefore a return to the ancestral type, and the purpose of this 
reduction is to allow tlui mixing of chromosomes of two individuals, such as occurs in 
conjugation of unicellular organisms [amphimixift of Weismann), and as a result to assist in 
producing variation. The comj)le\ity of the problem relating to the chromosomes in the germ- 
and sperm-cells is increased by the recent observation, which has been made in certain insects 
(Heiniptera and Orthoptera), that in the division of the spermatogonia to produce spermatocytes 
one of th(‘ daughter-cells receives an extra chromosome {heierochromosotne)^ usually rather 
smaller than the others, so that two morphologically distinct kinds of spermatozoa are 
produced in c((ual numbers. Sometimes instead of an extra chromosome one of the ordinary 
chromosomes is larger than the rest. Even the ordinary reduction-division, however, may 
produce a dilTerence of quality in the resulting spermatozoa ; and the fact that there is such a 
(qualitative difiei’onco in the s[K*rmatozoa in particular cases seems to indicate, as McClung 
has pointed out, that the chromatin in the two kinds of spermatozoa represents the j^hysical 
basis for the transmission of sexual characteristics.* 

‘ Keiinplaama, Jena, 181)2. English translation by E. B. Poulton. Weismann’s views are dis- 
cussed bj Bryce in the volume of this work which deals with Embryology. On the significance of the 
reduction-division, see also Henking, Zeit. f. wiss. Zool. liv. 1892. For a criticism of the chromosome 
hypothesis, see R. Pick, Arch. f. Anat. Suppl. 1905. 

* See on the accessory chromosome, Henking, Zeitschr. f. wiss. Zool. xlix. 1890, and li. 1891 ; Wallace, 
Anat. Anz. xviii. 1900 ; W. S. Sutton, Bull. Univ. Kansas ix. 1900, and Biol. Bull. iv. 1902 ; de Sin6ty, La 
Cellule, 1001 ; McClnng, Biol. Bull. iii. 1902 ; Stevens, Publ. of Carnegie Instit. of Washington, No. 36, 
1905 ; E. B. Wilson, Science, xxii.TOOS ; Journ. Exper. Zool. ii., iii. and vi. 1906, 1906, 1909 ; Montgomery, 
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Respective functions of nucleus and centrosome in cell*division« 

From the description of karyokinetic cell-division which has been given it might 
perhaps be inferred that the essential function of the nucleus is to initiate and 
produce the division of the cell, and this is in fact the view which until recent years 
was universally held. It would, however, be more correct to say that in those cells 
where they occur the centrosome and astrosphere initiate and govern cell-division 
rather than the nucleus. This is strikingly shown with the ovum, which, after the 
reduction-division resulting in the extrusion of the second polar globule, is found to 
be destitute of centrosome and astrosphere. These are supplied by the spermatozoon 
in fertilisation, and without a centrosome the ‘ matured * ovum, although possessing 
a nucleus, is incapable of division. That it is the centrosome or atrosphere and not 
the head (male pronucleus) of the spermatozoon which starts the division of the 
ovum is shown by the fact that the male proniicleus has occasionally been found to 
become atrophied (in abnormal cases) ; nevertheless cell-division may be com- 
menced and completed. It is also a well-known fact that many ova in the lower 
animals undergo complete development without the advent of the sperm-cell 
(parthenogenesis). In these cases either the centrosome does not disappear from 
the ovum or a new one is produced in the protoplasm. That the female pronucleus 
may also be dispensed with is shown by the circumstance that ova and parts of ova 
of echiiioderms, which have been deprived of their nucleus, may still be fertilised 
by spermatozoa and undergo division. Nor is it necessary in these ova for a 
spermatozoon to be introduced, for various artificial means will start the division, 
such as increasing the osmotic pressure of the sea- water, and the addition of 
minute quantities of certain salts and other substances, e.g, fatty acids and 
hydrocarbons, to the water (R. Hertwig, A. D. Mead, T. H. Morgan, J. Loeb, 
E, B. Wilson, and others). In every one of these cases where division of the ovum 
is started it is always preceded by the appearance of one or more astrospheres 
in the protoplasm and by the formation of a membrane on the surface of the 
protoplasm. Since similar appearances may be produced in colloid solutions by 
electrical, chemical, and mechanical agencies, and such appearances are in these 
cases regarded as being due to the formation of localised polar differentiation accom- 
panied by gelation within the colloid solution, it has been conjectured that the 
astrospheres which appear after fertilisation — whether natural (through the 
spermatozoon) or artificial (from chemical reagents) — are of an analogous nature, 
and that the essence of fertilisation is the introduction into the ovum of some 
chemical substance which produces an alteration of this character in the colloid 
solutions which constitute its protoplasm.^ 

If this view is correct, the function of the nucleus in cell-division is, as Roux and 
Weismann have supposed, connected rather with the transmission of characteristic 
features and modes of differentiation (heredity) than with the initiation and direction 
of cell-division. Besides this the nucleus has important functions in connexion 
with the general nutrition and with the special metabolic changes of the cell ; 
doubtless these functions are also exercised during the division of the cell. 

Science, xxiii. 1906 ; S Gutherz, Arch. f. mikr, Anat. Ixix, 1906-7 ; H. E. Jordan, Anat. Anz. xxxii. 1^08 ; 
P. Buchan, Arch. f. Zellforachung, iii. 1909 (the literature up to date will be found in this paper). A 
heterochromosome does not occur in somatic cells, nor in the female generative cells. Nevertheless in 
some animals {e.g. Aphides) the determination of sex certainly depends upon the ova, and not on 

spermatozoa. . ^ ^ . t t i 

1 Cf. Fischer and Ostwald, loc. cit. For the literature of artificial parthenogenesis, see J. Loeb, 
The Dynamics of Living Matter, 1906; and Address delivered before the International Jledical 
Congress, Buda-Pesth, 1908. 
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FUNCTIONS OF THE NUCLEUS OTHER THAN THOSE CONNECTED 
WITH CELL-DIVISION. 

That the metabolic processes within the cell are dependent upon the presence of 
the nucleus is shown by experiments upon unicellular organisms in which various 
observers (Nussbaum, Hofer, Verworn, and others) have substantiated the fact, 
first discovered by Brandt, that if such organisms are separated into two or more 
parts, the nucleated fragments continue to live and become regenerated into 
complete organisms, whereas, although the non-nucleated fragments may survive 
for a time — even for hours or days — and may show movements and even take in 
food-particles, they have no power of digestion or assimilation and show no con- 
structive metabolism, so that the remainder of the organism is not regenerated; 
eventually such non-nucleated fragments always die.‘ A well-known instance 
of the loss of vitality which results from the severance of a part of a cell from the 

nucleus is furnished by the Wallerian degenera- 
tion of a severed nerve-fibre. In this case 
there is a mutual reaction between cell-process 
and nucleated cell-body, for the severance of 
the fibre, while on the one hand producing the 
degeneration just mentioned, on the other leads 
to metabolic changes in the cell-body which are 
also of a destructive character. The influence 
of the nucleus upon cell-metabolism is also 
illustrated by the fact that the nucleus is 
relatively large or is more abundantly provided 
with chromatin in cells which are obviously 
undergoing chemical changes of an active 
character. This is notably exemplified in the 
actively secretory cells of the silk-glands of 
caterpillars * and in certain large cells which 
are found in the ovary of insects (fig. 94) which 
prepare nutriment for the developing ova. In 
these the nucleus forms a ramified structure 
occupying a large part of the cell. In other 
cells (fig. 95) it may send amoeboid processes 
Pig. 94. - Extremity of ovary of i^to the part of the protoplasm where the food- 

«, n<. »". nutrient cells ; o, o'.o", granules arc forming.^ And in growing cells, 
developing egg-cells. as in those which are dividing, the nucleus is 

found in the part of the cell w here the metabolic 
activity is presumably greatest. F urther, in some growing cells, e.g, in neuroblasts ^ 
(fig. 96), it has been noticed that chromatin makes its appearance in the proto- 
plasm near the nucleus on the side where the cell-growth is proceeding most 
actively, and it is suggested that the chromatin has been formed wdthin the nucleus 

’ On the other hand, an absolutely bare nucleus has also apparently no recuperative power; a 
cytoplasmic environment seems an essential condition of its activity (Verworii ; Pfliiger’s Arch. li. 
ISpi). It must be added that this is not universally conceded, some authorities holding that such nuclei 
may exist independently, and that they may produce cytoplasm and become complete cells. There 
is, however, always a difficulty in deciding that the nuclei in question are absolutely bare, and unless 
special means are taken by the use of specific protoplasmic stains to determine this point, the fact that 
a thin layer of protoplasm cannot be detected is not sufficiently convincing evidence of its absence. 
For a discussion of this question, see Rfizi6ka, in Ergebn. d. Anat. xvi. 1906. On the question of 
nuclear functions, see Adami, ‘ The Dominance of the Nucleus,’ Brit. Med. Assoc. Toronto, 1906 (reprint); 
Carlier, ‘ Nuclear Activity,’ Birmingham Med. Rev. 1907. 

* G. Gilson, La Cellule, vi. ; E. Korschelt, Arch. f. mikr. Anat. xlvii. 1896 ; F. Meves, ibid, xlviii. 
1897. 

5 See inter alios Korschelt, Zool. Jalyb. 1889. 

* Scott, Toronto Studies, 18^9. 
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and has been shed out from it for the nutrition of the growing and dillerentiating 
protoplasm. In gland-cells generally the nuclei become enlarged and richer in 
chromatin in the earlier stages of secretory activity, and in the later stages become 
diminished in size and poorer in chromatin, in consequence, it is suggested, of a 
discharge of the chromatic material into the cytoplasm for the production of the 



Fio. 95.— EcKi-cELL OF PiioLCUH PHALANOOiDEs. (Gurwitscli, after Van Bambeke.) 

The germinal vesicle (nucleus) has am(i*boid processes extending towards the portions of the 
ovum where food-granules are accumulating. 


special products of secretion J In other cells also extrusions of material from the 
nucleus have been observed : in many cases these are undoubtedly derived from 
the nucleolus. Carlier suggests that this nucleolar extrusion is effete material, but 
it is generally considered to be matter elaborated within the nucleus and passed 
out into the cytoplasm for the formation of the metabolites of the cell (see p. 37). 



Fig. 96. — Neuroblasts from a pig embryo, 

SHOWING THREE STAGES OF DEVELOP- 
MENT. (Gurwitscli, after Scott.) 

In the least developed the nucleus con- 
tains abundance of basi-chromatin ; the 
others show less within the nucleus, and 
an accumulation in the protoplasm near the 
nucleus. 


Fig. 07. — Cells of pancreas 

OP FROG SHOWING PARANUCLEI. 

(Matthews.) 



In some gland-cells, e.g. those of the pancreas, a darkly staining spheroidal or 
crescentic body has been described by Ogata and others, situated in the cytoplasm, 
near the nucleus (fig. 97), and believed to be derived from the nucleus or nucleolus, 
although this is not definitely established. It has been termed 'paranucleus 

‘ Cf. Carlier, La Cellule, t. xvi. 1899, and Proc. Scottish I^t. Hist. Soc. v. 1909. 
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(Nebenkern). A similar body was described by Balbiani in the ova of arachnids, 
under the name of ‘ yolk-nucleus,' and the presence of a yolk-nucleus has also 
been described in the ovarian ovum of the fowl,^ and has since been noticed in 
other oocytes. Rabl finds a paranucleus in the salamander larva in the tissue- 
cells generally.^ Connected with the paranucleus, and perhaps derived from it, 
are frequently to be seen filaments {chondromitome, see p. 24) which stain similarly 
with basic dyes and which are directed towards the part of the cell where the 
granules of zymogen are becoming formed. It has been suggested that the para- 
nucleus and the fibrils in question are concerned in the elaboration of the secretion 
material, and the protoplasm which forms them has been accordingly termed the 
ergastoflasm (GMniev). 



Fio. 98 .— -Nerve-cell ok liorincs wmi (iAv in mkmhrane op nucleus opposite centrosome. 
The Nissl granules appear to be forming at this part, (Holmgren.) 


As a further proof of the activity of the nucleus in connexion with the metabolic 
functions of the cell may be mentioned the fact that in the liver-cells crystals of 
haemoglobin, derived, no doubt, from the breaking down of red blood-corpuscles, 
are occasionally to be seen not only in the cell-protoplasm but even in the interior 
of the nucleus, which may be distorted in shape by the presence of such a crystal.^ 
Further, it has been shown by E. Holmgren^ that in the nerve-cell the substance 
of the Nissl granules begins to form near the nucleus, often at one side of 
this, between it and the centrosome. At this place the nuclear membrane may 
become absorbed and nucleolar substance may be extruded (fig. 98). * 

^ Schafer, Proc. Roy. Soc. xxx. 1880, 

* Arch. f. mikr. Anat. xlv. 1895. 

* Browicz, Bull. Acad. Sci. d. Cracovie, 1900 ; P. T. Herring and Sutherland Simpson, Proc. Roy. 
Soc. B. Ixxviii. 1900. 

‘ Anat. Hefte, xii. 1899, and xv. 1900 
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VITAL PHENOMENA OP PROTOPLASM, CHEMICAL AND PHYSICAL 
CHANGES. AMCEBOID MOVEMENTS. CILIARY MOVEMENT.’ 

During the life of a cell its protoplasm is constantly undergoing chemical and 
physical changes. The chemical changes are in some measure determinable by 
comparing the products which are given ofi by the cells of a tissue with the nutritive 
material which they absorb. In all the higher animals this nutritive material is 
the blood or lymph, but the products which are formed are not entirely the same for 
all cells, since they vary in some measure with the specific activity of the cell ; thus 
the cells of the salivary glands yield the saliva, those of the mammary gland milk, 
and those of the liver form the constituents of the bile and glycogen. But all proto- 
plasm, whatever may be its specific function, has this in common — viz. that it 
absorbs and combines with oxygen, and yields carbon dioxide and other products of 



Fio. 99. — Successive changes exhibited by an amceba. (Verwoni.) 

The protoplasm appears completely structureless, although containing granules near the 
nucleus and a contractile vacuole. 


oxidation, and as a result of these processes of oxidation heat and other forms of 
energy are produced.-^ These chemical changes are always more marked as the 
functional activity of the cell becomes increased ; accordingly, any circumstances 
which tend to promote the activity of protoplasm, such as warmth, electrical or 
other stimulation, the action of certain reagents, tend proportionally to increase 
the activity of its chemical processes. One general chemical property of living 
protoplasm is that by virtue of which it is able to assimilate and eventually to 
convert into its own substance non-living material. In this manner the protoplasm 
of a cell may increase in amount, or, in other words, the living substance may grow ; 
but if the amount of protoplasm does not permanently increase, this is due to the 


1 For the vital phenomena of protoplasm, see Verworn, Allgemeine Physiologic, 1908, and J. Loeb, 
Dynamics of Living Matter, 1906. The literature is given by P. Jensen, Ergebn. d. Phyniol. 1902, 
and W. Biedermann, ibid. 1909. 

2 According to Verworn, cell-respiration is associated rather with the protoplasm than vith the 
nucleus (Localiz. d. Athmung in der Zelle, Haeckel Festschrift, 1907). Nevertheless, the observations 
of R. S. Lillie show that oxidation processes are centred round the nucleus (Amer. Journ. Physiol, vii. 
1902). Cf. also footnote 1 on p. 89. The building up of oxygen into the cell and the production of 
carbon dioxide are probably the result of the action of different enzymes. For the literature of this 
question, see J. Loeb, Dynamics of Living Matter, pp. 13-23. 
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fact that just as much protoplasm is being broken down and removed from the cell 
as is added by the process of assimilation. A cell may also increase in size by the 
formation and accumulation of non-living material, within it : in this case the 
accumulating material may be formed at the expense of the protoplasm, which may 
first grow and then break down to produce the non-living substance. Chemical 
processes which involve the building up of living material within a cell have 
received the general name of anabolic changes ; those on the other hand which 
involve the breaking down of such material into other and simpler products are 



Pl(». 100. — A CKLl. OF A TuADESCANTIA HAIll, 
A, IN NOUMAI, CONDITIONS ; B, AFTEJl THE 
PASSAOE OF AN FLECTHIC SHOCK. (Vorwom, 

aftpr Kiihnc.) 

cclluloHO wall; />, partition betwoen two 
cells; c, collection of the protoplasm into clumps 
as the result of Btimulations. The lar^^e spaces 
contain cell-sap. 


known as katabolic. By the metabolism 
of a cell is understood the sum of all the 
ana- and kata-bolic changes which are 
proceeding at any time within it. 

Amoeboid movements. — The 
most obvious physical changes seen in 
living protoplasm are those which are 
designated ‘ amoeboid.' This term was 
derived from the freshwater amoeba, 
the protoplasm (or sarcode) of which 
has long been known to exhibit spon- 
taneous changes of form, accompanied 
by a flowing or streaming of its soft 
semifluid substance (fig. 99). The 
phenomenon was described by Rosenhof 
in the ‘ proteus animalcule ' in 1755, 
but the similar movements of the cell- 
protoplasm of the higher animals was 
only recognised much later (in 1845) by 
Wharton Jones, who noticed the amoeboid 
movements of the white blood-corpuscles 
of fish. If the protoplasm of the cell is 
enclosed by a membrane its movements 
are necessarily confined within the 
limits of such cell-wall, and the actual 
changes which are in tliese cases obser- 
vable consist in a streaming or flowing of 
the soft living substance, such flowing 
being rendered obvious by the carrying 
along by the stream of any minute particles 
which may be imbedded in the proto- 
plasm. The term ‘ rotation ' has been 


given to a movement of this kind which 
is observed in many plant-cells such as those of the hairs of Tradescantia 
(fig. 100), and which is of a very regular character, usually in a determinate 
direction ; but in animal cells the intrinsic streaming movements are less 
regular and usually less obvious in character. It is, however, on the other 
hand, in those animal cells which are unprovided with a cell-wall (free or 
naked cells) that what may be termed the amoeboid movements proper present 
themselves, and in none more strikingly than in the white blood-corpuscles 
(leucocytes). If one of these be observed under a high power of the microscope 
it wilT be seen gradually to protrude a portion of its protoplasm at one part 
or another, and sometimes at several places simultaneously (fig. 101). The 
protrusions may at first consist only of the clearer portion of the protoplasm (hyalo- 
plasm), subsequently the Jess clear part (spongioplasm) may extend into them 
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(figs. 102, 103).^ These protrusions (pseudopodia) may be presently withdrawn again 
and others given out, or a pseudopodium which has been protruded at any one part 
of the corpuscle may extend itself further, and the main part or body of the 



Fig. 101.— An am^kboid leucocyte of Tbiton blood, photographed whilst 
i.iviNo. (Scliiifer.) Magniiied 1360 diameters. 

The pseudopodia are fine and spine-like. The polymorphous nucleus can be detected 

within the cytoplasm. 

corpuscle may pass gradually towards and into the extending pseudopodium. By a 
repetition of this process the cell may glide slowly away from its original situation, 
and move bodily along the field of the microscope, so that locomotion thereby 



Fig. 102.— Untouched photograph of leucocyte of Triton, fixed whilst in 

AMtEBOID CONDITION BY JET OF STEAM DIRECTED ON TO COVER-GLASS, STAINED 
WITH HEMATOXYLIN. (Schiifer.) Magnified 1360 diameters. 

The inner part of the protoplasm shows an indistinctly reticular structure (spongioplasm), 
but the external layer and the pseudopodia are completely clear. 


results. In this manner some of the white corpuscles, while the blood is circu- 
lating, pass through the walls of the capillaries and minute veins and find^their 
way into the surrounding connective tissue, where they may further continue to 
exhibit amoeboid movements. Corpuscles which have thus emigrated from the 

1 Schafer, Proc. Roy. Soc. xlix, 1801 ; Griesbach, PflUger’s Arch. 1, 1891. 
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vessels are known as ‘ wander cells/ and the passage through the vascular wall is 
known as ‘ diapedesis/ Although probably occurring to a certain extent normally, 
it is greatly increased in inflammatory conditions of the tissues. 

Varifiies of psevdopodia. — The pseudopodia of leucocytes, which are the characteristic 
arnceboid cells of the blood and lymph and of certain tissues, such as the marrow, spleen, and 



Fio, 108. — PhoTOORAPU of an AMcEUOil) LEUCOCYTE OP TRITON FIXED 1$V A JET OF STEAM 
and stained with h.ematoxylin. (Schafer.) Magnified 1360 diameters. 

The nucleus at first sight appears multiple, but on careful examination its several 
parts are united by threads of basi chromatin. These cannot all be seen in the 
figure, which is a reproduction from an untouched negative, in which only one plane 
of the thickness of the corpuscle is photographed. 

lymphatic glands, aro usually broad projections from the general surface similar to those of 
Amoeba protcu.s or Amceba limax (fig. 99). Such p.scudopodia have been called lohed to distin- 
guish them from the more pointed or oven spine-like processes which arc occasionally 
seen in leucocytes, characteristically in certain of those of Triton (fig. 101), and in some 



Fig. 104. — Amieda diffluens. (Verworn.) 


A, unexcited, showing spiny pseudopodia emitted on all sides. 

B, after closure of a galvanic current tlirough the fluid. The pseudopodia are emitted only 
on the side nearest the kathode. 

Ama\b/e (A. diffluens, fig. 104), and from the dendriUcally branched arnceboid processes, such as 
occur in the pigment-coils of Amphibia (fig. 105), as well as from the long fine filiform pseudopodia 
which are characteristic of the Holiozoa and allied Radiolarian animalcules (fig. 106). In 
the last-named the protrusion and retraction of the pseudopodia is very slow and the 
processes frequently fuse with one another. Moreover, these long filiform pseudopodia generally 
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show' a streaming of the granules in their protoplasm in an outward direction along the one 
side of a pseudopodium and in the opposite direction along the other side, which is very like 
the so-called * rotation ’ phenomenon in the protoplasm of plant-cells. 

Intake of forelgrn particles. — When any kind of foreign particle 
comes in contact with the protoplasm of an amoeboid cell, the particle adheres 



FlO. 107.--CHANOE8 OF FORM OF A WHITE CORPUSCLE OF NEWT’S HLOOD, SKETCHED AT 
INTERVALS OF A FEW MINUTES. ThE FIGURES SHOW ALSO THE TAKING IN OF TWO SMALL 
GRANULES, AND THE CHANGES OF POSITION WHICH THESE UNDERWENT WITHIN THE 
CORPUSCLE, (Schiifer.) 


to it, becomes enwrapped by processes of the protoplasm, and is then drawn 
gradually into the interior, where it may remain for some time without change, 
being moved about by any currents which exist in the cell, and carried along by 
the changes of place which the cell undergoes (see fig. 107). Eventually such 
foreign particles may be extruded again. If, on the other hand, the particle is of 



considerable size as compared 
with the protoplasm with which 
it comes in contact, the latter 
extends around and over it so 
as to envelop it more or less 
completely (fig. 108). This phe- 
nomenon of inception is thus 
dependent upon amoeboid move- 
ments of the protoplasm. 

The object of the phenomenon is 
clear in the case of animalcules, since 
their protojilasm ha.s the j>ower of 
digesting and assimilating suitable 
organic materials which may be taken 
in in this manner, 8uch materials 
are either dissolved within the body 
by a secretion containing digestive 
enzymes which accumulates around 
them in the form of vacuoles, or, in 
the case of Heliozoa, they may be 


Pio. 108. — Living phagocytic leucocyte of Salamandra digested in the pseudopodia them- 
EXTENDING AROUND AN ERYTHROCYTE OH RED BLOOD- SelvcS (fig. 109), and the digested 


CORPUSCLE. rilOTOGllAPHED PROM A FRESH PREPARA- 
TION OF SALAMANDER BLOOD. (Schlifer.) Magnified 
600 diameters. 

Four other erythrocytes are seen in the photograph. 


products may alone be carried into 
the cell- body. But the digestive 
power of leucocytes is not of this 
pronounced character ; indeed it has 


been^doiibted whether they can digest solid particles at all. Certainly granules of starch and 
globules of fat may be observed within them without undergoing any apparent change in the course 
even of hours. But there is abundant evidence that some leucocytes (phagocytes) attack and 


break down tissues of all kinds which are destined to be absorbed, and this is probably by a 
process of digestion. There is also strong evidence that they attack and devitalise bacteria and 
bacilli of disease, and thus \ei\d to exercise a protective influence upon the body (Metchnikoff). 
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Intake of fluid material. — Although inauy amoeboid cells possess the 
power of taking in solid material in the manner just described, it must not be 
forgotten that the normal method of intake of nutrient material by the cells of both 
plants and animals is in the fluid form. In doing this, there is no doubt that the 
cell-protoplasm has the property of exercising a selection ; those materials of the 



PlO. 109.~A LONG PSEUDOPODIUM OP LiEBERKUhNIA UPON WHICH AN INFUSORIAL ANIMALCULE 
HAS BEEN CAUGHT. ThE ANIMALCULE IS SHOWN BEING GRADUALLY ENCOMPASSED AND 
EVENTUALLY DIGESTED BY THE PROTOPLASM OF THE PSEUDOPODIUM. (Verwom.) 


blood or lymph, or other liquid which bathes the cells, which are adapted for subserv- 
ing a useful purpose in each particular case, being alone imbibed. For many aMmal 
cells this may include all the materials of the blood-plasma ; for some, only certain 
substances. From these nutrient fluids the protoplasm builds up both its living 
substance and also non-protoplasmic products of its activity, and gives oiit again 
to the lymph unused or waste materials for which the ceU has no further use. 

F 2 




PLATE IV, 



EFFECT OF STIMULI ON PROTOPLASxM 


69 

degrees above the natural temperature of the body, although if maintained at an 
abnormally high temperature they are not long continued. A temperature a little 
above this maximum rapidly kills protoplasm, at least that of vertebrates, pro- 
ducing a stiffness or coagulation in it (heat-rigor), which is preceded by a general 
contraction ; from this condition of rigor the protoplasm cannot be recovered. 
But the protoplasm of some organisms will stand temperatures approaching that 
of boiling water without passing into heat- rigor. Freezing may cause destruction 
of protoplasm in higher animals, but that of certain of the lower animal and plant 
organisms is capable of resisting extreme cold, apparently for an indefinite time. 
This has also been found true for seeds of plants (Dewar). 

The contractility of protoplasm is dependent upon supply of oxygen. If this be 
withheld, the movements will, it is true, proceed for a time as usual, but this is 
because protoplasm, like other forms of contractile substance, such as muscle, has 
the power of storing away and using oxygen in some form of combination. For it 
is found that the active manifestations will not proceed indefinitely in the absence 
of oxygen, but cease after a time, to be renewed only on the accession of fresh 
oxygen. 

Many reagents in solution influence the activity of protoplasm. Some of these 
act V) V adding to or subtracting from tin* water which it cojitains. As a general rule, 
and up to a certain point, the imbibition of wat(‘r, varying according to the source 
of the protoplasm which is under observation (Thoma), accelerates the activity 
of the protoplasm, but beyond that point addition of wat(*r produc(‘s a destructive 
effect. A comparatively sliglit amount of desiccation is, so far at least as regards 
the protoplasm of tin* higher animals, destructive of vitality; but this statement 
does not liold good for the protoplasm of many of the lower animal and plant 
organisms. Hamburger and llekma ' found that phagocytosis was diminished in 
leucocyt(*s on diluting the serum they are contained in with water. 

Amongst reagents, acids, altiiough very weak (even carbonic acid), stop tlie 
contractile manifestations and eventually kill tin* c(*ll ; alkalies, on tln^ other 
hand, if suffici(*ntly dilute, increase at first their activity. The movements are 
stopped by chloroform and ether, but may be again resunn*d on the removal of 
those vapours. Certain drugs veratria, and to a less extent (piinine) rapidly 
arrest the movements. 

Sffect of electrical and other Btimuli upon protoplasm. — The (‘ffect 
of strong electrical shocks from a Leyden jar or an induction coil u])on protoplasm 
which is exhibiting either amoeboid or streaming movements is, if sufiici(*ntly 
strong, to cause an immediate cessation of those niov(*m(*nts, accompanied by a 
withdrawal into the main substance of any processes tln.t may have been protruded. 
If the stimulation cease the movements will recommence, provided the shock 
has not been so severe as to injure the living substance. 

Abrupt changes of temperature, and mechanical stimulation, such as is produced 
by sudden pressure or harsh contact, act in a similar manner. 

Oalvanotaxis, chemotaxls, barotaxls, phototaxis, dc.c. — The amceboid 
movements of protoplasm are also affected by the passage of a constant galvanic 
current through the fluid in which the organism is immersed. The result of su(‘h 
a current depends upon the nature of the ions which are associated with the protein 
particles. If, as is usually the case, these are kations, the particles are positively 
charged, and the effect produced takes the form of a movement in the direction of 
the current — ix, towards the negative pole or kathode (tigs. 104, 111) ; in ;^ther 
words, there is a contraction of the protoplasm on the anodal side, and a relaxation 

^ Biochern. Zeitschr. iii. 1907. 

^ This is not true of all protoplasm, for the blood-corpuscles of many insects live in a fluid which is 
strongly acid. 
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and consequent flowing out on the kathodal side (Verworn). These results are 
such as would be produced by the impinging of kations and anions respectively 
against opposite poles of the organism ; the former tending to cause coagulation 
and contraction of colloid, the latter liquefaction and relaxation.' The action of 
the galvanic current is known ])y the term galvanotaxis , the movements thereby 
induced being spoken of as galvanotropism.* The direction of protoplasmic 
movements is correspondingly influenced by the (unilateral) action of chemical 
agents : their action is known as chernotaxis {positive if the movement is towards the 
source of the stimulus, negative if in the opposite direction). Such movements are 
som(.‘times determined merely by the addition of water to, or its withdrawal from, the 
protoplasm ; the former tending to produce relaxation, and the latter contraction, 
of the side of the cell upon which the influence is exerted. But the action of most 
chemical agents is due to their contained electrolytes, and the effects vary according 
to tlie electrical charge which the colloid particles of the protoplasm exhibit (compare 
what is stated on this subject on p. 12 and on p. 79). Tlie direction of movement 
is also dependent upon the coiu'entration of the salt, and may be reversed with 



Fio. 111. — (tai.vanotaxis jn A.MiKHA piiOTECS. (Verwom.) 

On tliC5 loft an annoba with nunierouH pscudopodia. On the right tho samo organism after 
closure of galvanic current passing from right to left in the upper figure; reversed in the lower. 
'I'he arrows indicate the dirt.*ction wliich the amteboid movemcjit is taking. 


increas(» of concentration. ' Chernotaxis plays an iin})ortant part in many physio- 
logical phenomena and is sometimes quite specific in its action. Thus the tendency 
whicli many organisms exhibit to seek oxygen (Engelmann), of leucocytes to be 
attracted towards the products of bacterial activity (Massart, Metschnikoff, 
Buchner), and the attraction which the ovum exerts upon the spermatozoon,*' are 
all striking instances of positive cell-chemotaxis. The influence of unilateral 
variation of mechanical pressure in stimulating protoplasm, and thus producing 
movements of protoplasmic organisms — generally towards but sometimes away 
from the source of stimulation — has been studied by various observers. Such 
influences have been termed collectively harotaxis pressure) (A^erworn), but 

it is better known under different designations according to the source of the pres- 
-siire — (*.g. thigmotaxis wlien tliis is the result of contact with a solid substance. 


' (Ti't'tdey, op. rit.j see p. 10. 

^ Similar terms are clieraotropism, tliigmotropisni, geotropism, Wc. 

•’ *0 Jennings ‘On reactions to stimuli in unicellular organisms (ciliate Infusoria),’ Amer. Journ. 

Pliys, xxi. 1H07 ; also T. B. Robertson, Trans. Roy. Soc. South Australia, vol. xxix. 1005, and Quart. 
Jourii. Exp. Physiol, ii. 1000 (see also p. 70). 

* The susceptibility of spermatozoa to spetdfic chemotactic influence is illustrated in the experiments 
of Pfeffer, who found the spermatozoids of ferns to be strongly attracted by malic acid, but indifferent 
to most other reagents. Loew (Sitzungsb. d. Wiener Akad. cxi. 1002) has shown that the uterine mucous 
membrane has a chemotactic ii^fluence upon spermatozoa. 
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rlieotaxis when caused by moving fluid, and gcotaxis when due to gravity or attrac- 
tion towards the earth’s centre. The enveloping of solid substances by amoebin 
or leucocytes is an instance of thigmotaxis, the movement of the spermatozoa 
along the Fallopian tubes is probably an instance of rlieotaxis (since it is a 
movement in a contrary direction to that of the current produced by the cilia 
lining those ^^^ssages), and the tendency of various free-moving organisms to 
accumulate either at the top or at the bottom of a vertical column of liquid is an 
instance of geotaxis (negative or positive) when not due to a mere diflerence of 
specific gravity or to the chemotaxis of the oxygen of the air. It is, however, in 
the vegetable kingdom that most examples of tliigmotaxis and geotaxis are met 
with. 

The same is the case witli tlie influence of light (phototaxis), in which numberless 
instances in plants of movmnents of their parts towards or away from this 
source of stimulation at once suggest themselves. Finally may be mentioned the 
phenomena of tlioinotaxis ~i.e. tlie movement of protoplasm and of protoplasmic 
free-moving organisms towards or away from a source of heat. With slight 
raising of the temperature the movement is usually positive, but with higher 
temperatures it is almost invariably negative. 

All influences wliich produce contraction (coagulation ?) of protoplasm are productive of 
katabolism or disassimilation ; while those which produce relaxation (liquefaction ?) result in 
anabolism or assimilation. If assimilation and disassimilation are equally balanced throughout 
the condition is one of ({uiescence (Hering). The relation of assimilation to disassimilation during 

the unit of time is tcuincd by Verworn ‘ biotonus,’ and is expressed by the fraction ‘ It is 
the variations in this fraction which produce all change in the vital manifestations of an organism ; 
when there is com|)lete e(|uilibrium = 1.’ v\ stimulus is an agency which produces disturbance 

in the condition of <‘(juilibrium. There is, moreov(‘r, a constant tendency in the organism to 
revert spontaneously from conditions in which a or d preponderate to a state of equilibrium ; 
this property of protoplasm is termed by Hering ‘ spontaneous regulation ’ (Selbststcuerung). 
Such return to equilibrium is accompanied by active manifestations of a reverse character 
to those which previously obtained. In this Avay Hering explains the physiological ‘ rebound ’ 
which shows itself in all jmotoplasmic tissues which have been the subject of disturbances in their 
me ta b ol i e e (p i i 1 i b r i u m . ' 

Ciliary movement. — Aiiotlier form in which the activity of protoplasm 
manifests itself is that known as ciliary movement. This was discovered m the 
mussel by de lleide in lfl83, but the movements of spermatozoa had previously 
been noticed by Tlam and Leewenho(*k. Ciliary action consists in the (apparently) 
spontaneous waving motion of fine processes w’hich project freely beyond the cyto- 
plasm : the processes are termed cilui (fig. 112). The movement is much more rapid 
in character tlian amceboid movement, and has nsually a definite direction and a 
regular rhythm. It is generally, at least in the ciliated cells of the higher animals, 
a simple bending over of all the cilia which crown the cell, followed by their return 
to the vertical position ; but in many of the lower organisms, and especially in those 
which are imicellular, tlie movement is less regular ; in many it exhibits a spiral 
or corkscre\v-like character. 

Cilia serve very varied purposes in the animal economy. In spermatozoa and 
in some infusorial animalcules they are organs of locomotion ; in other animals 
they serve to direct currents of water containing food to the alimentary canal ; 
in others they similarly direct currents of water over the surface of tlie gills. In 
man, where they occur exclusively in connexion with epithelium-cells, their purpose 
seems always to be (except in the case of the spermatozoa) to produce a movement of 

^ See Hering, Zur Theorie der Vorgiinge in der lebendigen Substanz, Lotos, 18S8; also Verworn, 
Die Biogenhypothese, 1903, and Allgem. Physiol. 1908. 
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fluid over the surface which they cover, and, with the exception of the cilia of the 
cerebral ventricles and central canal of the spinal cord, this movement is always 
in the direction of the exterior. Thus they serve to move the mucus which moistens 
the interior of the air-tubes and trachea towards the orifice of the larynx, that 
which moistens the nasal passages towards the anterior nares, and that of the 
Fallopian tubes and uterus towards the os uteri. 

Although very widely distributed throughout the animal kingdom, there are 
some exceptions, such as the arthropods, which possess no cilia and in which the 
spermatozoa also are not provided with a moving filament. In mammals and 
in vertebrates generally cilia are very fine and comparatively short, but in inverte- 
brates, and especially in Protozoa, they are frequently larger and longer. Many 
unicellular organisms, both animal and vegetable, are provided with one or two 

relatively large cilia, which generally serve 
as organs of locomotion : these are often 
termed flagella. In Noctiluca miliaris 
(fig. 1 13) the flagellum has an indistinct 
transversely striated appearance along one 
border ; most cilia, however, show no trace 
of structure, but look like direct con- 


FIG. 112. — PoUtt CILIATED CELLS OF 
MOLLUSC, (v. Lenhoss6k.) 


Fig. 118. — Noctiluca miliaris, a unicellular 

PHOSPHORESCENT MARINE ORGANISM PROVIDED 
WITH A SINGLE L.\RGE FLAGELLUM. ( Vcmoril. ) 


tinuations of the cytoplasm. In the spermatozoon the tail or cilium contains 
a fine fibril or fibrils, continued from the centrosome which lies within thci 
body or middle piece. In some ciliated cells, such as the large cells which 
line the intestine of certain molluscs, the cilia are provided near the cell 
with bulb-like enlargements (figs. 112, 114), which, again, are attached to 
or continuous with similar enlargements {basal particles) at the free border 
of the cell. Moreover, in these cells fine fibrils traverse the length of the 
cell from its free border to its fixed extremity (fig. 114). These fibrils are 
known as the rootlets of the cilia.' Although specially well developed in some 
ciliated cells, they appear to be similar in character to the fibrils forming the 
cyto-mitome in columnar epithelium-cells (fig. 19). It is doubtful if they have 

* Engplmanii, Pfiiiger’a Arch, xxiii. 1880. See also J. Frenzel, Arch. f. mikr. Anat. xxviii. 1886 ; and 
Viguon, Arch, de zool. exper. viii. 1900. 
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a special relation to the cilia, since Gurwitscli found in cross-sections of such cells 
that there were only 30 to 40 rootlet fibrils in each cell, as against 2(X) to 300 basal 
particles.^ The ‘ rootlets ’ are not by any means found in all ciliated cells ; they 
may be seen, not very distinctly, in the ciliated epithelium of the air-passages of 
mammals. 

During the life of a ciliated cell the cilia are in 
constant activity; bending over and recovering 
themselves many times a second in mammals. 

So rapid is the movement that the action of the 
individual cilia cannot be seen except wlien it 
begins to slacken, which may be caused by cooling 
the preparation or may accompany commencing 
death of tlie cells. But the general effect of the 
whole movement can be seen with a low power of 
the microscope, and has been aptly compared to the 
rhythmic wave-like motion which is produced by 
the wind upon a cornfield. The movement does, in 
fact, begin at one part of the ciliated surface, and 
gradually traverses th(‘ wliole surface in the form of 
a wave, and this is succ(*eded by others at regular 
intervals (fig. 115). 

The movement manifests itself in detached cells 
and may continue for hours or days : it is therefore 
indepeiidcmt of the rest of th(‘ tissue or of tlu' 
nervous system ; it may (‘ven he seen in cilia 
which are attached to a separated portion of cell- 
protoplasm.* It is never observed in completely 
detached cilia from the Metazoa, although in 
some Protozoa such independent action has b(‘en 
described. 1'5(j. 114.— Ciliated cell, from 

THE INTESTINE OF A MOLLLSC. 

'I'lie develojaueiit of cilia has been studied in Crotozoa (Liigelmann.) 
and Metazoa. The cilia first appear in Protozoa as little 

pseudopodiuni-like jirocesses, which are not withdrawn lik(‘ ordinary ])seudopodia but roinain 
permanent and tend to become gradually longer. Almost as soon a.s they appear they 
exhibit movement.s, but tliesc are at first slow and irregular in character ; later they become 
more regular, rapid and rhythmical. In some Protozoa the movements remain irregular 
and more or less independent of one another, a.s if the cilia in the.se cases retained to some extent 
the amoeboid character of pseudopodia. It is probably cilia of this nature which continue to 
exhibit movements after complete detachment. 

The analogy with th(i movements of jiseudopodia is further shown by the fact that in 
certain Protozoa, e.(j . — in Artodiscus saltans (fig. 116) as described by P^nard,^and Camptouema 
nutans (tig. 117) as described by Schaudinn,’ the filiform pseudo podia may take on lashing 


Fio. 115. — Diagram to show the manner in which the ciliary movement passes 

IN WAVES OVER A CILIATED SURFACE. (Vcrwoni.) 

movements, even at quite a rapid rate, afterwards resuming the ordinary amoeboid character 
of their movements. In another form (Multicilia lacustris) (fig. 118), where the processc.>are 
permanent and are therefore to be regarded as cilia, they exhibit so slow a movement that the 





^ Arch. f. mikr. Anat. llfOO. 

^ Provided the basal corpuscles remain attached (K. Peter, Anat. Anz. xv. 1899). 

5 Arch. f. Protistenkunde, 1908. ‘ Sitzupgsb. Preuss. Akad. 1898. 
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animalcule crawls over surfaces as if with pseiidopodia instead of swimming about as in nearly 
all other free ciliated forma. Such cases seem to present transitions between cilia and pseudo- 



Fkk IKI.—AHroDisciJs saltans. (Gurwitscli, after Prmird.) 

1. The com[)lete aninialcule. 2. Base of a pseudopodiiiiu, highly magnified. The pseiidopodium 
is seen to he a hollow extension of the protoplasm provided with a l)ulb'like enlargeinent at the base. 
These pseiidopodia exhibit rhythmic pendulum-like movements. 



Fio. 117. — Cami'tonkma nutans, an 

ANIMALCULE ALLIED TO THE 

Heliozoa. (Gurwitsch, after Schau- 

dinn.) 

The long tapered pseiidopodia are 
provided each one with a hollow axial 
filament formed of a soft semi-tluid 
material, which is covered by an exten- 
sioi^ of the general protoplasm. The 
pseiidopodia are capable of being ex- 
tended and retracted, and some of them 
lire shown in the act of seizing a minute 
alga. They also exhibit cilium-liko 
movements, bending over from the base 
of the pseiidopodium. 



Fio. 118. — Multicilia lacustiiis, an organism 
WITH permanent ClLIUM-LlKE PROCESSES, WHICH 
ARE ALSO CAPABLE OF SLOW AM(EBA-LIKE MOVE- 
MENT. (Gurwitsch, after P6nard.) 

On the right a cilium more highly magnified, 
allowing a hollow .structure springing Lorn a bulb- 
like enlargement. 
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podia and serve to illustrate the close relationship which they bear to one another, although 
the character of their movements is usually so unlike. ‘ 



Fk;. no. -CirJATKi) cklls fkom epididymis of rahiut, with otheus not ciliated 
HKTWEEN them. (v. Lenhossck.) 

Tile non-ciliatcd cells each exhibit a diplosoine (double centrosoine) at Mk; basal border; in the 
ciliated cells this is not seen, but the basal border is occupied by the basal particles of the cilia. 


In Metazoa the cilia also grow out from the free surface of the protoplasm of the cell which 
is to become ciliated ; but each appears as a rine filamentous projection rather than as a pseudo- 
podium-liko process. In many cases tlie 
appearance of the cilium at the .surface 
of the cell is preceded by that of its basal 
particle, which closely resembles a cell- 
centrosome, and stains in a similar manner 
to that particle (tig. 111)). But whether the 
basal particles are really derived from the 
original centrosonie or not is still nncertain, 
for although Lenhossek - and Henneguy,'* 
who de.scribed this mode of develojimeiit, 
failed to find the ordinary centrosonie, 
and concluded that it had passed towards 
the free surface to become the first ba,sal 
particle (the rest being pre.sumably formed 
by its division), (lurwitseh was unable to 
trace any connexion between the centrosoine 
and the formation of basal corpuscles, 
while Seleniew.sky ' describes and figures the 
ordinary centrosoine in developing ciliated 
cells along with the basal particles.’ None 
the less it seems clear that the basal par- 
ticle is in its nature closely allied to the 
centrosonie of the cell. For in the development of spermatozoa the tail fibril is known to 
grow out from the centriole, and even in dividing spermatocytes instances are met with in 
which cilium-like fibrils are seen growing out from the centrosoine at cither end of the division- 
spindle (fig. 120). 

The protoplasm of the cell from which the cilia are growing ha.s, like all 
cell-protoplasm, an external film, and the cilia as they are formed must also 

* ‘ The Protozoa . . . and numerous plant and animal sporoids present numberless instances 
of the gradual transformation of long psendopodia into true vibratile cilia. An umfeboid filiform 
pseudopodium may in the living object alter the character of its movement under the eye of the 
observer at first to a slow pendulum-like swing, wliich becomes more and more rapid until tlie vibratile 
action which is so characteristic of the cilium is completely developed * (Gurwitsch, Morphologie 
u. Biologie der Zelle, 1904, p. 59). 

- Verhandl. d. anat. Gesellsch., Anat. Anz. 1898. 

^ Arch, d’anat. micr. i. 1898. ‘ Anat. Anz. xxiv. p. C87. 

According to Gurwitsch (Anat. Anz. xvii. 1900; Arch. f. mikr. Anat. Ivii. 1901) the cilia sometimes 
make their appearance before the basal particles, being developed from a specially modified portion of 
the cell-protoplasm. Strasburger’s observations on the cilia of plant-spores show them to be developed 
as processes, at first amceboid, from projections of the ectoplasm (His^pl. Beitr. Heft vi. 1900). 










Fio. 120. — Centhioles with cilium-like fila- 
ments IN A 8FEKMATOCYTE OF PlERIS CRATEOl. 
(Gurwitsch, after F. Meves.) 
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be similarly enclosed. They may be therefore described as extensions of the cell- 
protoplasm covered, like that, with a delicate investment. Ordinary cilia are far 
too minute for the presence of a covering to be detected even with the higliest 
powers of the microscope, l)ut in the large flagella and cilia of Protozoa a hollow 
structure is sometimes distinct (figs. 113, 116, 118), and there is therefore reason 
for the belief that in smaller flagella and in ordinary cilia it may also exist. 
Cilia arc either rounded or flattened in section ; they are frequently broader near 
their attachment to the cell, from which point they taper towards the free extremity ; 
often they are nearly uniform in size throughout, except for a bulb-like enlarge- 
ment at tlie base which is usually present. 

The action of cilia is influenced by external conditions in the same manner in 
all respects as amceboid movements. Thus the motion becomes more rapid, up to 
a certain point, with elevation of temperature, and less rapid if the external medium 
be cooled ; it will continue, but not indefinitely, in the absence of oxygen (Sharpey) ; 
it is stopped by CO .2 and by the vapour of ether and chloroform, but is renewed if 
these are removed and replaced by air. Other chemical agents affect it either through 
the tendency they have to withdraw water from or to add it to the protoplasm 
of the cell, or by virtue of tlie electrolytes they contain. The action of galvanic 
currents varies witli the condition of activity of the cilia and the position of the 
poles. Light lias not been observed to have any effect on cilia in Metazoa, but 
effects of pliototaxis are well seen and have been largely studied upon tlie ciliated 
Protozoa. There can be no reasonable doubt that the activity of cilia is closely 
related to the activity of amceboid protoplasm, and that botli kinds of movement 
must be produced in a manner which is essentially similar.* 

CONSinKRATlON OF THF MODE OF PRODUCTION OF AMCEBOID AND CILIARY 

MOVEMENTS. 

Tile movements of the anueba and of other protoplasmic organisms which 
are designated amceboid, although they appear to be spontaneous and even 
almost voluntary, are probably no mon^ so than the movements of a dro]) of 
one fluid suspended in anotlier, the two being separated by a surface film subject 
to local variations in tension. If the tension of the surface is uniform tlie drop 
remains spherical, but if the tension is reduced at any 2 )lace the droj) will tend to 
flow in the direction of reduced tension. This can be shown with oil-drops contain- 
ing fatty acid, immersed in dilute alkaline solutions.'^ The oil-drops become 
coated with a solid surface film of soap, and as this becomes thinner first at one 
place and then at anotlier by solution in the surrounding fluid, local variations of 
tension are caused and ' amoeboid ’ movements of the oil-drop are produced. 
The same obtains with drops of oil-clad albumen. Further, if oil, containing 
fatty acid, is beaten up with an alkaline carbonate, and the mixture is placed in 
water, the latter penetrates between the oil-drops, and, dissolving *the alkali, 
produces a kind of froth with a large number of internal surfaces having films of 
soap separating the oil from the alkaline solution, and repeating the conditions of 
the general surface (Blitschli).® A model to illustrate the production of amoeboid 
movement by changes in surface tension may even be constructed in a much 
coarser manner by immersing a drop of mercury in dilute nitric acid and adding a 
crystal of bichromate of potash to the nitric acid. As the crystal dissolves and its 
solution reaches the mercury a film forms on the globule, and the latter undergoes 
chaifges of surface tension first here and then there as the film is attacked by the 

^ For the literature of cilia, see Putter, Ergebn. d. Physiol. 1904, 

® Quincke, Pogg. Ann. 1888; Sitzungsb. d. Berliner Akad. 1888. Quincke states that the spherical 
form assumed by drops of cytoplasm squeezed out of a cell into water must be due to a surface film of 
fattj substance. 

Microscopic Foams, tran8^•\ted by Minchin, 1894. 
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acid now at this, now at that point ; there is a corresponding tendency of the 
mercury to flow now in the one and now in the other direction, thus producing 
changes of shape and even of position whicli perfectly simulate those of an amceba. ^ 
No adequate explanation of the ammboid phenomena of protoplasm other than 
that of variations in surface tension has been offered, and it is now generally 
accepted by physiologists, although the manner in which such variations are 
brought about is still open to discussion. The main dilference between proto- 
plasm and the models above described lies in the fact that, whereas in them the 
variations in surface tension are produced by an external agency, those of proto- 
plasm may be caused either by external agencies or by internal changes. The 
altered conditions of surface tension of its protoplasm are also probal)ly respon- 
sible for the mechanical effects which are produced when the protoplasm of a cell 
comes in contact with anotlier cell, as well as for the in-taking of foreign bodies 
by protoplasm (phagocytosis). 

The view at one time held that the amceboid movements of a cell are produced 
by the contraction of the fibrils of a r(*ti(!uluni within its protoplasm is no longer 
tenable, since it is known that ammboid protoplasm does not necessarily contain 
such fibrils. Moreover, the causation of the contraction of these fibrils, if they 
were present, would still necessitate an explanation. 

The explanation of ciliary action has been more diUiovilt than that of anneboid ])rotoplasin, 
and s(wcral hypotheses have been put forward to account, for it. It lias bc'cn suggested, inter 
aliay that the ‘ rootlets " might contract and pull u[)on the bases of the cilia, or that tht^y 
might be rigid prolongations of the cilia, moved by movements of the cell-protoplasm and 
acting as levers upon the projecting filaments. But in the first place many cilia have, no 
rootlets ; and when these do occur it is in the highest degree improbable that they possess 
either rigidity to enable them to act as levers or contractility to enable tluun to pull the cilia 
over. Nor would the hypothesis explain the action of the detached ciliated ])art of the cell. 

The explanation which has hitlunto been receives! with most favour suppos(‘.s that each 
eiliuin consists of two parts, one sidt; being contractile, the other elastic. The contractile ])art 
is supposed to bend the filament over, the elastic j)art to produce recovery.* The theory is 
illustrated by a model which is found in most lecture theatres, consisting of a tapert'd steel band 
which is pulled over by a string attached to its apex and ])assing through a ring at its base. 
It is, however, clear that only a rigid elastic substance like stis*! could bo bent over in this 
way : if the baiid were com})Osed of a soft jnaterial like the substance of a eilium it woidd not 
bend over, but wrinkle u}), were one sid(^ to contract. Moreover, tlu' model will not act if the 
string is kept in apposition to the ste(*l band; to j)roduoe its effect it is necessary that it should, 
as the steel bends over, occupy the position of the chord of the arc which the bent steel baml 
describes — a condition impossible in the case of a eilium. It is, moreover, in the highest degree 
improbable that there should be so much differentiation in cilia as this hy])othesis implies, seeing 
that they are found in the lowest and h*ast <lifferentiated organisms. 


It may safely be asserted that no hypothesis can be satisfactory which does not 
bring ciliary action into line with anneboid movement ; any explanation which 
holds good for the one ought to hold good for the other. We have seen that the 
hypothesis which is found best to explain ammboid activity is that of variable 
tension at the surface of the protoplasm. Can this hypothesis be equally applied 
to explain ciliary action ? 

The independent movement which has occasionally been observed in severed cilia 
of Protozoa, and the slow irregular action which has been described in developing cilia 
(p. 73), may certainly be caused by local changes in tension of the surface film which 

^ Bernstein, Pfliiger’s Arch. Ixxx. 1900. The original experiment is by Paalzow, Pogg. Ann. 1885. 
See also M. Heidenhain, Anat. Hefte, xxvi. 1904, xxvii. 1905; J. Bernstein, Anat. Hefte, xxvii.‘^905 ; 
Jansen, ibid. ; Rhurnbler, ibid . ; H. S. Jennings, Journ. of Applied Microscopy, v. The literature of 
the subject up to that date is given by Heidenhain. 

2 A modification of this theory supposes the existence of an elastic skeleton in the middle of the 
eilium and of contractile material at its periphery. Piitter, Ergebn. der Physiol. Jahrg. 2, 1904. For a 
criticism of Piitter’s theory, see Anat. Anz. Bd. xxiv. 1904, p. 497. 
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covers the protoplasmic extension of which each cilium in these instances is com- 
posed. Similarly it is conceivable that rhythmical changes of tension due to causes 
operating equally and alternately upon opposite sides of all the cilia of a ciliated cell 
might produce a movement of fluid from side to side within the protoplasm composing 
each cilium, and by such rhythmical transference of fluid the curving over and 
recovery of the cilium might be caused.’ But the co-ordinated action of all the 
cilia of an ordinary ciliated cell seems to necessitate the supposition of a common 
cause, and if this is a variation in tension it must start at the free border of the cell 
from which the cilia all spring. The assumption that the cilia are direct exten- 
sions of the cell-protoplasm, with a naturally curved form, and that they are 
enclosed, like the cell-protoplasm, by an external film, would suffice to explain how 
it is that differences of tension at the free border of the cell may produce move- 
ments of such extensions. For any diminution of surface tension at the free border 
of the cell would tend to cause fluid to pass into such hollow extensions, and 
would thus cause them, if originally curved, to straighten ; while an increase of 
surface tension would be accompanied by an inflow into the cell-body and a 

curving over of the cilia. In this way 
rhythmical variations in surface tension 
at the free border of the cell would be 
responded to by rhythmical movements of 
the cilia which project from that border. 

This hypothesis of the production of 
ciliary movement may be illustrated by 
a curved tube, preferably flattened, made 
of thin indiarubber. The tube is closed 
at one end and is attached at the other 
to an indiarubber ball, by gentle pressure 
upon which fluid can be passed into or 
withdrawn from the flattened tubular exten- 
sion (fig. 121). With such a model the 
bending over and straightening of a cilium 
can be closely imitated, and the effect of 
these movements in causing currents in a 
body of water can be shown. If the tube 
has been moulded into a spiral form instead of a simple curve, the movements 
which are produced by variation of tension within the model are exactly similar 
to the corkscrew-like movements of many flagella.*^ Such a model illustrates the 
fact that even slight changes of pressure produce strong movements of the tube 
in water, the resistance of the water counting under the circumstances for 
comparatively little. By no other hypothesis is it possible to explain the power 
which cilia possess, not only to bend rapidly against the resistance of water 
and of mucus, but to drive these fluids vigorously over the ciliated surface, and 
even to move weights which are thousands of times heavier than that of the cilia 
upon which the weight is borne. 

This hypothesis is supported by the following considerations : 

(1) Cilia, whether, as with spermatozoa, they contain an axial filament derived from the 
centrosome or not, are develo[)ed as extensions of the cytoplasm and are therefore from the first 
covered with an extension of the surface film by which the cytoplasm is invested — in other words, 
they^re extensions of the cell filled with fluid protoplasm and covered by a fine membrane. 

(2) All cilia and flagella which are sufficiently large for any structure to be made out exhibit 
a distinct external investment enclosing a hollow interior. 

* This explantitioii has been suggested by Robertson (see below, p. 80). 

^ Schiifer, Ansgt. Anz. 1904. See also Proc. Roy. Soc. xlix. 1901, p. 198. 


I 



FlO. 1*21. — 1)IA(IR.\M OF MODMIi TO SHOW 
HOW A CUIIVEI) TIHK WII.L EITHHU 
STHAIOHTEN OK HEM) OVEU IN OHEDIENCE 
TO FEUCTUATIONS OF I'HESSFUE IN ITS 
FEIIII) CONTENTS. (Scliiifer.) 
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(3) Certain Heliozoan animalcules which are provided with long pseudopodia, capable of 
being slowly extended and retracted, exhibit in the axis of each pseudopodium a structure 
which has been described as an axial rod or axial fibre. But its appearance indicates a tubular 
rather than a solid structure such as the term ‘ rod ’ or ‘ fibre ’ would imply. These ‘ rods * 
sometimes commence in the cell-protoplasm from a central globular body, which is like an 
enlarged centrosome. That they are actually composed of fluid or plastic material is also 
evidenced by their flexibility : the term ‘ rod ’ is therefore inappropriate. In Camptonema 
nutans (fig. 117), which is allied to the Heliozoa, the long pseudopodia are cilium-like, and each 
contains a strongly refracting axial ‘ fibre.* The sections of the pseudopodia have a distinctly 
tubular appearance (fig. 122), and the pseudopodium may bend over in any direction. The 
appearance of the ‘ rods * is consistent with their being hollow axial parts of the pseudopodia, 
and it is noteworthy that this hollowing out of the pseudopodia is associated with slow cilium- 
like movements of those processes. 

(4) The Suctoria (a species of animalcule) possess hollow processes which arc elongated or 
shortened by the flowing of fluid into them from the general substance of the cell- body. This 
protrusion and retraction may occur a number of times a minute, and is therefore similar in 
rapidity to the movement of cilia. In some forms the movement takes on a waving or 
bending character, reminding the observer of slow ciliary action. There can be little doubt 
that the movement of these j)rocesses is duo to 
variations in surface tension of the protoplasmic 
cell-body. 

(5) iSchuberg has shown ' that in the detached 

condition the cilia of some Protozoa assume a 
bent or, rather, a corkscrew-like form. He 
also describes an end-piece projecting beyond 
the rest of the cilium (as in the si)ermatozoon) 
and composed of an axial part enclosed by a 
sheath; this can be seen in stained preparations 
(fig. 123). Schuberg expresses the opinion 
that the sheath is the more fluid part of the 
cilium, but adduces no evidence in favour of this 
view, nor does ho attempt to show in what 
manner the movements could bo produced in a 
structure so constituted. He regards the end- 
piece as a projection of the axial part ; but an 
examination of his figures indicates that it is Fnj. 122.--Section ()f (^amptonema nutans. 

rather to bo regarded as a prolongation of the (Gnrwitsch, after Schaudinn.) 

substance of the sheath. For the part of the cilium Each pseudopodium has a flexible tubular 
which stains dark, like the body S2ibstance itself^ is fibre projecting into it from tlui body of the 
represented by Schuberg as of loss diameter than animalcule. 

the projecting end-piece of the cilium, and if this 

is so it must therefore bo the axial part; the real sheath or envelope of the cilium 
remaining colourless in these preparations and being only seen where its substance projects 
beyond the axis. 

Relation of amoeboid and ciliary movement to Ionic constitution of cell-proteins. 

— ^That the movements of amoeboid cells and of cilia are the result of change.s in surface tension 
and that these changes are brought about by changes in the ionic constitution of the proteid 
molecules is urged with much force by Robertson," whose arguments may be given in his own 
words : ‘ We have seen that it is a characteristic of the i)roteid part of the ion-proteid molecule 
that it readily forms compomids with any ions which happen to be present in excess, while 
Hardy’s experiments . . . show that the electrical character of the resulting ion-proteid 
depends upon the relative velocities of the ions in the solution in which the proteid is suspended. 
In the first case, consider the effect upon a unicellular (amoeboid) organism of a constant current 
in the direction shown in the diagram (fig. 124) (A = Anode, K = Kathode), the organism bemg 
supposed to be laden with kation-proteid, by virtue of the metabolism and dissociation of which 
a difference of potential is maintained between the protoplasmic surface and that of the medium 
(indicated by the small -i- and ~ signs). 

‘ Ju.st as in the analogous case of the capillary electrometer, the effect of a current trav^^ing 

1 Arch. f. Protistenkunde, vi. p. Gl, 1905. 

^ T. Brailsford Robertson, ‘ An Outline of a Theory of the Genesis of Protoplasmic Motion and 
Excitation,’ Trans. Roy. Soc. of South Australia, vol. xxi.x. 1905, and Quart. Jouni. Exp. 
Physiol, ii. 1909. 
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from A to K will be to diminish the contact difference of potential at points such as a, which 
form the physiological anode, and to increase it at points such as b, which form the physiological 

kathode. Therefore . . . the effect will be to 
increase the surface tension at points such as a, 



and to decrease it at points such as h. The 
surface and, consequently, the volume on the 
kathodic side of the organism will therefore 
increase, while on the anodic side they will 
decrease. The organism will therefore move over 
towards the kathode as indicated by the arrow. 
. . . Consider now the effect of a similar current 
upon a negative ” amoeboid organism (fig. 125) ; 
that is, one which is laden with anion- 2 )roteid. . . . 
In this case the contact difference of potential 
will be increased at the [physiological anode and 
decreased at the [physiological kathode ; hence, 
reasoning as before, the organism will move 
towards the anode. . . . 

* The effects ujpon ciliated organisms will be 


Fio. 123. — Cii.iA OF Frontonia leucas. 
(A. Schuberg.) 

The body of the organism and the cilia, 
as far as tlie end- pieces, are stained. 
Ijoffler’s flagellum stain, x 2260. 


similar, for if the diagram (fig. 120) represents one 
of the cilia of a “ positive ” organism subjected 
to a constant current in the sense indicated, 
the difference of [potential of the surface forming 
the physiological anode will be diminished and 


A (*) 



Flo. 121. — DiaORAM of an AM<K1U)1I) organism 
EADKN Wl'I'H KATION-I’UOTEIN, SUR.IECTKI) TO A 
CONSTANT CURRENT IN TME JPIRECTION SHOWN 
jn’ THE POLES, (T. Brailsford Robertson.) 


Fi<i. 12r). — D iagram of an am(eboii> organism 

LADEN WITH ANION-l’KOTEIN, SURJECTED TO A 
constant CUJtKENT IN THE DIREC’PION SHOWN 
BY THE POLES. (T. Brailpford Robertson.) 



Fig. 12().~Diagram of cilium of a 

‘positive’ organism subjected ^ 

TO A CONSTANT CURRENT. 

(T. Brailsford Robentson ) Fio. 127. -Diagram indicatincj the action of a 

CHEMICAL STIMULUS (KCl) UPON A ‘ POSITIVE 
AMtKBoin ORGANISM. (T. Brailsford Robertson.) 


that at the physiological kathode increased ; hence the former surface will diminish owing to 
the increasctl surface teiisio^i, and the latter will increase ; hence the cilium will bend towards 
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the anode as indicated by the small arrow. . . . The elTectof the same current on a ** negative ” 
ciliated organism will, of course, be the reverse. . . . 

‘ The phenomena of chemotaxis must bo attributed to the diffusion of the ions into the proto- 
plasm in different proportions. Consider the effect upon a “ positive ” amoeboid cell (A, tig. 127) 
of a salt such as KCl, in which the kation has a greater velocity than the anion, diffusing from 
a capillary tube (B). Since the quicker-moving kations will diffuse faster than the anions, more 
kations will enter the organism in a given time than anions; that is, the eontact differenee of 
potential at such points as a (fig. 127) will bo augmented, and at such points as b unaffected or 
much less augmented (since the concentration of the KCl is as the inverse square). Hence 
the surface tension at b will be greater than that at a, and tlie organism will move towards the 
capillary. 

‘ With a salt like CaClo, in which many more anions would enter the organism in a given time 
than kations, the reverse would be the case. 

‘ If the organism were “ negative ” the above effects would be reversed. 

‘ “ Isotactic ” organisms — as we may call those organisms which are equally loaded with 
anions and kations — would, of course, be attracted by both kinds of reagents, but as the 
potential difference would bo very small sucli organisms would exhibit no marked reaction.’ * 

1 See also H. H. Dale, * Galvanotaxis and Chemotaxis,’ Journ. Physiol. 1901, p. 291; and A. P. 
Mathews, ‘The Nature of Chemical and Electrical Stimulation,’ Arner. Journ. Physiol, xi. 1904, 
who also considers ‘ that the chemical composition of the ion is of little importance compared 
with the importance of its electrical condition, and that electrical Htimulation is due simply to the 
accumulation of negative or positive ions in different places in the tissue.* W. M. Strong, Journ. 
Physiol. XXV. 1900, applies a similar theory to the propagation of excitation in muscle and 
nerve. The works of J. Loeb, Studies in General Physiology, Chicago University Publications, 1905 ; 
and Dynamics of Living Matter, 1906, may especially be consulted on the (luestion of the electrical 
charge of proteins (ion-protein hypothesis). Much of the general literature of the subject of the effect 
of variations in surface tension in producing the phenomena of protoplasmic movement will be found 
in Robertson’s paper in the Quart. Journ. Kxper. Physiol, above referred to. His application of the 
theory to the production of muscular contraction will be noticed when that subject is dealt with. 
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THE EPITHELIAL TISSUES. 

A large number of tissues of varied origin and cell-structure are grouped under 
this head, but all agree in being composed entirely of cells, with but little or no 
intercellular substance ; * they are usually found covering or lining free surfaces, 
int(;rnal or external. The term which is now em^^loyed to designate these tissues 
was first used to signify the thin cuticle, continuous with the epidermis, which 
covers the red border of the lips. Ruysch found these to be beset with papilla), 
and termed the covering layer epithelia from eVt and OqXyj, a nipple or papilla, 
and the use of the term in the modified form of epithelium has since spread to 
signify any similar kind of tissue, whether covering papillary surfaces or not.‘^ 
The epithelium lining such internal surfaces as the serous cavities and the walls 
of the heart, blood-vessels, and lymphatics is sometimes spoken of as endothelium 



Fl(i. l‘iS. — I’AVKMKNT-EI’ITIIKLIUM ( ENnOTllKLIl M ) FUOM THE OMENTUM OK THE HABHI 1'. 
N it rate of silver Ktaining. (Sehiifer.) 


(His), which is a contraction of the term eiido-epithelium ; it is also designated 
mesothelium (Minot) to denote its origin from mesoderm.^ 

The thickness of different epithelia varies greatly. Some are composed of a 
single layer of very thin flattened cells set side by side to form a mosaic {pavement- 
epithelium) — the endothelia are of this nature ; in others the tissue is still only a 
single layer of cells deej), but the individual cells are thicker {cuhical, columnar^ 
(jlandular. nnd ciliated epithelium)] whilst in others, again, there are several or even 
a great number of layers of cells, and the tissue may attain a considerable thickness 
(stratified epithelium). However great the thickness, blood-vessels do not, as a 
rule, penetrate between the cells of the tissue,* although fine channels containing 
lymph may exist between them. Nerve-fibrils, on the other hand, are abundantly 

' For the nature of this iutereellular material in epithelia, see p. 7. 

See note hy Sharpey in Quain’s Anatomy (Sth edition), p, 4S, IHTO. 

“ ‘I’lie epithelium of tlio generative glands and that of the convoluted and looped tubules of the 
kidney are also ft>rmed from mesoderm ; these cannot be included along with the endotWelia. 

‘ Exceptions to this general rule are met with in the liver, in some of the internally secreting 
glands — including the islets of Langerhans within the pancreas — and in the stria vascularis of the 
cochlea. For other instances of vascularised epithelium, see F. Leydig, Zelle u. (lewebe, and 

Arch. f. mikr. Anat. Hi. iS'dS; Maurer, Morph. Jahrb. 1807, and H. Joseph, Arch. f. inikr. Anat. lii. 1898. 
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distributed to most epithelia, oiidiiig between the cells in dendritic ramifications 
of their fibrils. Epithelia may be derived from any of the blastodermic layers ; 
thus the epithelium of the skin (epidermis) and of the mouth are derived from 
the ectoderm, that of the gullet, stomach, and intestines from the entoderm, and 
that of the serous cavities and renal tubules from the mesoderm. 

The functions of epithelia are very various. Some, like the epidermis, are mainly 
protective, others are for secretion or for absorption (glandular and intestinal 
epithelium), others for moving fluid over the surfaces which they cover (ciliated 
epithelium of air-passages, generative passages, and ventricles of brain), others for 
receiving impressions of sense (sensc-epithelia).^ Epithelium-cells exhibit great 
adaptability to variations in the surface which they cover. This is especially well 
seen in the epithelium lining hollow contractile viscera, such as the gall-bladder and 
urinary bladder. In the condition of distension of such viscera almost all the 



E I ( i . 1 ‘2 1) E N I ) O T n E L I A I, 
LAVEll LlMN<i 'IHK 
POS'I’EUIOU TIMIAL 
A i; T !•: U V O F M A N , 

(iSfhiil't!!’.) 250 dia- 
meters. 

Nitrate of silver prepa- 
ration. 



FlO. l:’>0. — PaUT of a I.YMlMlATie VKSSKl. IN THE I'LKl UAI. 
covEHiNU OF THE DiA I’M UAc. M. Nitrate of silver pre})ara- 
tioii. (Hainier.) IMu'^nified 110 diaiiKiters. 

/, /, tlie lynipliatie veKStd witli eliaraeteriatic e[)itljelinm ; 
r, cell-spaces of the connective tissue. 


cells may ac(}uire a thin flattened shape, since the surface they cover has become 
much extended, but in the contracted empty condition of the organ they may all 
become elongated perpendicularly to the coriuni, so as to become thicker than they 
are broad. This adaptability implies th(‘ possession of much extensibility and 
retractility, as well as very perfect elasticity. 

It will be suflicient in this place to give a general description of the more common 
kinds of epithelium, reserving special points of structure until the organs in which 
they occur are treated of. 

Pavement-epithelium. — This is formed of a single layer of very thin cells, 
often difficult to demonstrate without the silver method of staining, which blackens 
the intercellular material and outlines the cells. They may be polygonal in 
outline like a mosaic, as in serous membranes (fig. 128 ); or diamond-shaped, as in 

^ That the character of an epitlielium may bo niodifiod l)y a variation in external conditions is 
shown by the observations of Haycraft and Carlier (Proc. Roy. Soc. Edin. ISSH), who found that tlie 
ciliated epithelium of the trachea, wherever it becomes subjected to friction, tends to be transformed 
into stratified epithelium. 
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the blood-vessels (fig. 129); or with wavy borders, as in lymphatics (fig. 130); 
or irregular in outline (fig. 131). The edges of the cells are often serrated, the 



FlO. 131.— I'AVKMKNT-KPITHULIUM (ENDOTHELIUM) FHOM THE SURFACE OP AN APONEUKOSIS 
TUEATED WITH NITRATE OP SILVER. (Sclliifcr.) 



Fio. 132.— Kndo'i'helh’m-cells of serous membrane seen in profile view, showino 

PROTOPLASMIC RRIOOEH STRETCHINO ACROSS THE INTERCELLULAR SPACES. 

(M. Hoidciiliain.) 



^ Fio. 183. — Epithelium-cells op Descemet’s membrane op bird. (Srnimow.) 


serrations of adjoining cells usually fitting into one another, but sometimes being 
point to point, the projections bridging across the intercellular substance (fig. 132).* 

' ^r. Hcidenliain, Ai.at. Anz. viii. 1893 ; A. Kolosaow, Arch. f. niikr. Anat. xlii. 1893. 
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The cells, although usually very clear and apparently structureless, may show 
fibrils passing from cell to cell. This is seen in the pavement -epithelium 
covering the posterior surface of the cornea of some animals (fig. 133); in these 
cells also a reticuluin of fibres, which has been regarded as a modified centrosome, 



Fu;. IBl. — A CKI.L (»F Dksceme'i’s mkmhkank 

OF THE COKNEA OF THE CAl', SMO\\lN(i A 
NETWORK IN' ITIE PKOTOPEASM NEAR THE 
NUCLEUS. ( 1 3 a 1 1 o ^ V i t y. . ) 


may be found in the neighbourhood of 
the nucleus (fig. 134) (Ballowitz). A 
pavement-epithelium lines all serous 
cavities, the cavities of the heart and 
the interior of the blood-vessels and 
lymphatics, the anterior chamber of the 
eye, the alveoli of the lungs, Mie outer 
surface of the membrana tympaiii. and 
the ducts of the mammary glands. The 
epithelium which lies within the anterior 
part of the lens-capsule is also of this 
charaeter viz. a mosaic of flattened cells. 


It uncrrtain wlirtlior tluH network is of ilie Ri’unn ' has (luscrilK'd tlio caulotljcdiHiH 

nature of a paranuclcnis or of a trophospon[,num. of S(‘rous nuMuhraiUN as hc'insj: eoviTud oh tlie 

frcH' suifaee by a tliiii oiiticiilar layer striated 
vertically. Tliere is some' reason for regarding tlu* endotludial eells of serous nu'ndH’anes as 
liattened, superficially ])laccd, coimcctive*tissui‘ cells (s(‘e j). 107 ). 

It appeals fruiH the above tliat the cells wbicb are! usually grouped iiiidcr tlu^ lu-ad of 
‘ paveiuent-epilbelia ’ may be not only of vciy <lifTcr(*nt origin, but uiay subserve' entirely 
dilTereiit functions. 


Columnar epithelium.— A second variety of simph* epithelium is thecoliintnar 
(cj/iintJcr-epitlicUuiH of (Jerittan authors), in wliich the cells have a ])rismatic figure*, 
and are set upright on the surface which they cover. In jtrolile a row of these cells 
looks for the most part like a close palisade (lig. 137)) ; but viewed from the surface 
each cell has a polygonal outline, the cells 


being flattened where they tou(‘h, from 
tnutual compression, so that a. mosait* 
pattern is produced. Columnar-epithelium 
cells vary much in form, in dimensions, 
and even in structure. Those which may 
be looked upon as typical arc* long and 
usually tapering, the finer extremity Ix'ing .set 



Fkj. 1H5.— a row (JF columnar cells from 

AN INTESTINAL VILLUS OF THE RARRIT. 

(Sebiifer.) 

str, striated border; //’, wander-cells l>et\veen 
the e[)itlieliuin-cellH, 



FlO. — CoI.UMNAU EurruELiUM 

CELLS OF THE RARRIT’s INTES- 
TINE. (Sebiifer.) 

The cells have been isolated after 
maceration in dilute chromic acid. 
The striated border {.str) is well seen, 
and the bright disc sei)arating this 
from the cell-protojdasm ; //, nucleus 
with intranuclear network ; u, a 
tbinned-out wing-like projection of 
the cell which jirobably fitted between 
two adjac'ent cells. 


upon a surface, and the other and larger end being free. At their sides and edges 
they are often jagged, especially where, as is often the case, leucocytes are met \rtth 
between the epithelium cells (fig. 135, w). Indeed the cells are not by any means 
so regular in shape as they are often figured, being often compre.ssed laterally, and 


^ Centralbl. f. Path. xi. 1900. 
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sometimes extended sideways into flattened lamellae (fig. 136, a), which fit between 
the adjacent cells of the epithelium. Columnar epithelium-cells are described by 
some authors as being always joined together laterally by small protoplasmic 
offsets, which bridge across the intercellular spaces.’ It may be doubted, however, 
whether the appearance which has been described is to be thus interpreted, for the 
cells after maceration in one-third alcohol or dilute bichromate solutions, readily 
fall apart from one another and are thus easily isolated. Leucocytes also readily 
push their way between them and sometimes separate the columnar cells from one 
another to a considerable extent (fig. 135). 

In the intestine of Proteus anguineus Holmgren describes meiubrane-like projections from 
the basciuent-membrane projecting between the columnar epithelium- cells, and serving to 
separate them from one another.* 

The nucleus may cause a bulging in the part of the cell in which it is situated, 
and the nuclei of adjacent cells are on this account often seated in difierent planes. 
The cell may contain fatty globules and other kinds of granules (tigs. 137, 138). 

In typical cohnnnar opithelium-cclls, such as those lining the mucous membrane 
of the small intestine, the free border differs from the rest of the cell in being more 



OF FKoo. (Altmann.) 



Fio. 188. — (lUANL’LES IN FAT-ABSORBING CELLS OF 
frog’s intestine beginning to be trans- 
formed INTO FAT-PARTICLES. (Krclll.) 

The fat-droplets are stained black with osmic acid. 


refracting and finely striated. This striated border of the cell (figs. 135 and 136, str) 
after fixation by reagents may be detached from the rest of the cell, and since the 
striated free borders of adjacent cells often adhere together, a continuous membrane 
may thus be obtained, marked by a mosaic of fine lines of cement-substance indicat- 
ing the division between the cells from which this ‘ cuticula ' has become detached. 
The cuticula serves to close the intercellular channels so that they present no 
opening on the free surface. The striae in the cuticula appear to be caused by 
the existence of septa extending between fine prolongations of the cell-hyaloplasm. 
The striated cuticula is not immediately in contact with the ordinary protoplasm 
of the cell, but is separated from it by a thin disc composed of a substance which 
refracts the light even more than the striated border. This disc (shown in fig. 136) 
corresponds in situation to the bright border or beaded layer of the ciliated epithe- 
liulfl'Cells (see below) ; and it may be that the striated border is the morphological 
equivalent of the bunch of cilia upon those cells. The surface of the cytoplasm 

1 OgTieff, Biol. Ceiitralbl. 1892; Curlier, La Cellule, xi. 1895; S. Garten, Arch. f. Physiol. 1895* 
Schaeppi, Arch. f. mikr. Anat. Ixix. 1907. 

* Arch. f. mikr. Anat. Ixv. 11)04. See also Lundabl, Anat. Hefte, xxxvii. 1908. 
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is in some cells covered with fine longitudinal fibrils, but whether these belong to 
the cell itself or to membranous septa in the intercellular substance is uncertain. 



Fig. 131).— a columnar epithe- 
lium cell, SHOWING MASS OF 
FIBRILS (cYTOMITOME) WITHIN 
THE CYTOPLASM. (M. Heiden- 
hain.) 



GLAND-VESICLES LINED WITH CUBICAL EPITHELIUM 

(Vincent and Jolly.) 


The interior of the cytoplasm may also, like that of the ciliated cell, be traversed 
by a bundle of fine fibrils (cytomitome) (fig. 139). There is also present 
in these cells a reticulum lying peripheral to the nucleus, and continuous, 



UIG. 141. — SECTION OF A RACEMOSE GLAND, SHOWING THE 

COMMENCEMENT OF A DUCT IN THE ALVEOLI. (Scllafer.) 

Magnified 425 diameters. 

rt, one of the alveoli, several of which are in the section 
shown grouped around the commencement of the duct, d ' ; 
a\ an alveolus, not opened by the section ; 6, basement- 
membrane in section ; c, interstitial connective tissue of 
the gland ; d, section of a duct wliich has passed away from 
its alveoli, and is now lined with characteristically striated 
columnar cells ; s, semilunar group of darkly stained cells 
at the periphery of an alveolus. 


according to Holmgren, with 
processes of membranous con- 
nective tissue which extends 
between the epithelium - cells 
(trophospongium, see pp. 25, 26). 

Columnar epithelium - cells 
are met with in their most 
characteristic form lining tL(‘ 
mucous membrane of the intes- 
tine, covering the villi, and 
extending into the ducts of all 
the glands which open into this 
part of the alimentary tract. 

Columnar epithelium - cells 
are in some parts long, in 
others short, so as to look 
cubical when seen in profile. 
A typical instance of such 
cubical epithelium-cells is seen 
in the cells which line the 
vesicles of the thyroid (fig. 140). 
They vary in form, according to 
the shape of the surface which 
they cover ; thus they may be 
larger at the fixed than at the 
free end, as when they line a 


tube or duct, and in a sectiojj of 
this they then appear wedge-shaped, or they may be larger at the free end than at 
the fixed extremity, as in many of those covering the villi. 

Some epithelium-cells, which are usually reckoned in with this variety, have a 
peculiar striated aspect in the basal or fixed half of the cytoplasm, as if the 
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protoplasm were made up of fine rods. This is the case with the cells which line 
the smaller ducts of the salivary glands and some of the tubules of the kidney 
(fig. 141, d, and fig. 142). Under a high power of the microscope the rods resolve 
themselves into rows of granules. 

In vertebrates, columnar epithelium is chiefly, but by no means exclusively, 
derived from the entoderm. 

Occasionally columnar epithelium may exhibit an imperfect stratification owing to the 
presence of two or three layers of rounded or elongated cells between the fixed ends of the 
columnar cells. 

d’landular epithelium. — This variety of epithelium is characteristic of the 
alveoli of secreting glands. In form the cells are columnar, cubical, polyhedral, or 
spheroidal, and are usually set round the tubular or saccular cavity of the gland, 
into which the secretion is poured (fig. 141, a). The protoplasm of the cells is 
generally occupied by the materials which the gland secretes or by substances which 
are converted into those materials in the act of secretion. These substances usually 
take the form of granules. They make their appearance first in the neighbourhood 
of the nucleus, but may ultimately fill the cytoplasm. When the cells secrete, the 



Pig. 142, — Section of a con- 
VOLUTEP TUBUEE OF THE 
babbit’s kidney, showing 

THE STRUCT UBE OF THE 
EPITHELIUM. (Szymonowicz.) 
Magnified 1100 diameters. 



Fig. 143. - Submaxillauy gland of rabbit. (E. Miiller.) 

The cells are in different functional states, as indicated by 
the condition and staining of the granules, u, cell filled with 
darkly staining granules; clear cell, the granules being 
swollen and having a reticulum of protoplasm between them 
c, secretory canaliculi penetrating into the cells. 


granules are discharged at the free surface and the cytoplasm tends to become 
clear, but as the granules are continually moved towards the free surface the base 
of the cell tends to clear before the rest. This epithelium will be more fully described 
when the secreting glands are dealt with. 

Q-oblet- cells. — A remarkable variety of glandular epithelium is furnished by 
the so-called (johlci or chalice celk, which occur most commonly amongst the cells 
of columnar epithelium, as in the intestine, but are also found between the cells 
of ciliated epithelium, as in the air-passages. They may be looked upon as repre- 
sen^ng unicellular mucus-secreting glands, and are found in every condition of 
formation and discharge of the secretion. In some situations, as in the large intes- 
tine, they are nearly, if not quite, as numerous as the ordinary columnar cells 
(fig. 144) ; they are also sometimes abundant in the epithelium of the villi of the 
small intestine (fig. 145), a<id in the stomach the lining epithelium is almost entirely 
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is found that they are confined to the part of the cell which is next to the 
free surface ; and, as already explained, this part becomes packed with them so that 
the cell-protoplasm is reduced to the form of a fine honeycomb-work between them. 


Fl(i. 1-17. — A <H)BLE'r OH MUCl.S- 
SK( HKTIN(J cm.L INCOMI.MNAH 

Ki'i'i'MKi.ii M. (M. Heirlenliaiii.i 
The ceHtrosujnf* is in the 
iiuiei^'iMi iiniSM. An ordinary 
eoliimnar cell is also shown. 



Fke 148. — Columnah ciliated 

EPITIIKLIUM'CELLS FROM THE 
HUMAN NASAL MEMBRANE. 

(Sharpey.) ^Magnilied TOO 
diameters. 



When secretion o(;curs the ^.^ranules imbibe water and become swollen into clear 
globules of mucus, and the part of the cell containing them is distended into a 

chalice-like shape, as has already been explained. 
Finally, as the globules swell still more, they 
run together and are discharged at the free 
end of the cell in the form of a minute drop 
of mucus. 

After the discharge of the secretion a process 
of regeneration begins. The remainder of the 
protoplasm of the cell grows so as to occupy 
the empty cavity left by the discharge of the 
mucin, and the goblet-like appearance becomes 
lost by a diminution in size of this cavity. 
The cell again, therefore, assumes a more or 
less columnar shape, although this form is 
greatly modified by the pressure of the 
surround’iig epithelium. After a time granules 
again become formed in and at the expense 
of the newly formed protoplasm, and these 
granules become converted into mucin-granules 
as before.* 

Each goblet-cell possesses a double centriole 
which lies in the middle of the peripheral 
half of the cell, and therefore in the part 
where mucin is formed (fig. 147). ‘ 

Ciliated epithelium. — In this form of 
epithelium the cells are generally columnar 
Fui, 149.- - A c ILIA TED KiTTHKLii ’:\i-i'ELL (h??* but ai'c sometiiiics cubical. In 

OF A MoLLusu. (EnKelinaHiL I the fresh Condition the cilia appear to spring 

from a clear border. In certain ciliated cells 
of molluscs — as already indicated (figs. 149, 150) — it is possible to make out that 
th^clear border contains a number of small juxtaposed bead-like particles (basal 
particles) to each of which is connected the base of a cilium. From the ciliated 

' Al. lieidoiUiain, Anat. Anz. xviii. I90i>. In llio stomacli of Triton Hoidenliain finds the granules 
forming also in the striated bordtu* of the eoluinnar cells. 

- Zininiennaim, Arch, f. inij^r. Anat. lii. 1898; also M. Heideiihain, tor, rit. 
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border of the coll a number of varicose filaments extend down towards the 
fixed end of the cell ; these filaments were termed by Eniielmann the rootlets of 
the cilia J They approach one another as they traverse the length of the celh 
and may be united towards the extremity into a single thread. They are not 
connected with the nucleus. The cilia are attached to the basal particles, each 
one by a somewhat narrowed portion. It is here that the cilia are usually broken 
off from the cell (see fig. 149). Beyond this neck the cilium may swell out into 
a small bulb or knob, and from this it tapers gradually to its extremity. The 
rootlets, as well as the cilia themselves, are, according to the observations of 
Engelmann,- doubly refracting (anisotropous), whereas the basal particle is 
isotropous. A similar structure, although 
less distinct, is also to be made out in 
ciliated cells of vertebrates (frog and 
mammal). 

In the liuman body and in mammals 
generally cilia occur in the following- 
parts — viz. : 1. On the mucous membram' 
of the air-passages and its prolongations. 

Tliey commence at a litth» distance within 
the nostrils, cover the membrane of the 
nose (except the proper olfactory part) 
and of the adjoining bony sinuses, and 
extend into the nasal duct and lacryrnal 
sac. From tlie posterior nares they 
spread backwards on the upper surfac(‘ 
of the soft palate, and over the upper 
or nasal region of the pharynx ; thence 
along the Eustachian tube and lining- 
membrane of the middle ear, tlie greater 
part of which is ciliated. The lower part 
of the pharynx is covered by stratified 
epithelium ; but ciliated epithelium 
begins again in the larynx a little above 
the glottis, and continues throughout the 
trachea and the bronchial tubes in the 
lungs almost to their smallest ramifi- 
cations. (3ver the vocal cords, however, 
the epithelium is of the stratified variety. 

2. On the mucous membrane and in the 
glands of the body of the uterus, and extending along the Fallopian tubes, even to 
the peritoneal surface of the latter at their fimbriated extremities. 3. Lining the 
vasa efferentia and coni vasculosi in the testicle. 4. Lining the true ventricles of 
the brain and the central canal of the spinal cord. 5. In the ducts of certain small 
racemose glands of various parts (tongue, pharynx, &c.). 6. In the embryo, lining 

the msophagus and parts of the stomach, and extending over the whole of the 
pharynx.^ 

Columnar ciliated epithelium may exist as a simple layer, as in the uterus 
and Fallopian tubes, the finest ramifications of the bronchia, and the central 

^ Pfliiger’s Arcliiv, xxiii. 1880. Tli« filaments were also described by M. Nussbaum (Arch. f. T^ikr, 
Anat. xiv. 1877). See on this subject also p. 78. 

- Herinaiiii’s Handbuch der Physiologic, 1871). 

^ Cilia have also been described in some mammals at the commencement of the tubules of the kidney, 
a situation where in lower vertebrates they have long been known to exist; but it is doubtful if the 
brush-like border of the epithelium in this situation is formed of true e^lia in mammals. 



Fkj. 150. — Fouk ciliatkd epithej.iom-ckllk 

OF MOT. I. use, snoWINO BASAL PAHTICLKS, 
KooTLETS, eiLTA, AND NUcr.Ei. (V. Lenhoss^lc.) 
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canal of the spinal cord and ventricles 
parts — as the nose, j^harynx, Eustachian 
sions — there is a layer of elongated and 



Fkk ini. — CliaAl'KI) KPnUKtJUM-CK.hLS KKOM TIIK 
TJtAciiKA or rnK iiAiniiT. (Scliiifcr.) 

m \ nt'‘, nr*, inucuH-KOfivting cells, lying between 
the <*iliat(M{ cells, and seen in various stag<!s of 
inncin-i’ormaiion. 

limn w^liich g;rovvs over it from the ed<^(‘ ; 
flattened epitlu'limn. TIk'v next acquire 
the epithelium thus assumin,i»' tlie charactei 


of the brain ; but in various other 
tube, the trachea and its larger divi- 
irregular cells beneath and between 
the superficial ciliated range, filling 
up the spaces amongst the pointed 
and forked extremities of the ciliated 
cells. These cells have by some been 
supposed to acquire cilia, and take 
the place of ciliated cafils which are 
cast off ; but they appear rather to 
be concc^rned with the secretion of 
mucus, since mucigen occurs within 
them in all stages of formation, and 
they become eventually distended by it 
into goblet-cells. This is illustrated 
in fig. 151, where the intermediate 
cells, )N-, and show three stages 
of formation of mucus. 

When the ciliated epithelium is 
artificially removed from a portion 
of the inner surface of the rabbit’s 
trachea, the denuded surface s|)eedily 
i)eeomes again covered with epithe- 
th(‘ cells form at first a. single layer of 
cilia, and afterwards become columnar, 

' which it has normally in that situation. 


As lias ulivaily been stall'd, the spermatozoa are to be regardisl as ciliated etdls, the tail 
of the spermatozoon represmit ing a eiliiim. It must, liowevtu', be noted that the stiiictnre 
of till? tail in the vmtelnate spininatozoon is more complex than tliat of any other 
known ciliiim, for it contains one 
or nioic tine hbrils in its axis 
{axial libi ils), and in some animals 
a sjiiral tibn; eoiltul around 
tile enlarged jiart (middh' pi(‘ce) 
which is attaclied to the Invul 
of the spermatozoon. The axial 
fibrils are connected with and 
appi'ar to have growm out from 
the centriole, which lii-s in tlie 
middlt' piece close to tin* head. 

On the other hand, the sjiiral 
fibre is devclojied fn>m siiecial 
gi'a miles (mitochondria) in tin* 

s])ermatids (tig. ,!!)).* -CANAiaccLi within columnak kiuthelium-cklls 

The ciliated e])ithclium of of epididymis. (Holmgren.) 

the uterus has shorter cells than nucleus, 

those of the resj)ir*atoiy passages, - 

and between them are more slender cells without cilia.'* According to Barfurth there 
are cell-bridges crossing tlie intei'cellular substance.* The ciliated epithelium of the central 
canal of the spinal cor'd and that lining the ventricles of the brain is peculiar in being prolonged 
at the base into long fibres of neuroglia-like character (see fig. IHl), which in the embryo pass 

\ Jhmda, Verb. d. physiol. Ges. z. Berlin, 1807, 181)8, 1899 ; F. Moves, Arch. f. mikr. Anal. Ivi. 1900. 

According to Bjiirkenheim (Anal. Hefte, xxxv. 1907), they become more flattened as age advances, 
and tend to become keratinised. 

' The con.stancy of cilia upon the cells of the epithelium of the body of the uterus seems doubtful. 
Keller (Anat. Hefte, xxix. 1909) was never able to oonvitiec himself of their presence in the uterus of 
the bitch. See also S. H. Gage, Amer. Journ. Amit. iii. 1904. 

‘ Amit. Hefte, ix. 1897. y 
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through the whole thickness of the nervous tube to abut on its outer surface. But in the 
adult human subject these processes cannot be traced any great distance from the cell-body, 
and the latter, especially in the spinal cord, is often found to have undergone dislocation 
from its original position and not iiifretpiently complete degeneration. 

A peculiar form of epithelium is found lining the t\ibe of the epididymis (tig. 152). The 
cells resemble those of ciliated epithelium, and possess a bunch of hair-like processes. These, 



Fig. 158.— Section of the stratified epitheeicm covering the front of the 
CORNEA OF THE EVE. (Scliiifer.) Highly magnified. 


c, lowermost columnar cells; polygonal cells above these; //, tlattened cells near the 
surface. The intc^rcellnlar channels bridged by minute processes of the cell are well seen. 
The lower part of the section on the right is somewhat broken. 


however, arc not vibratile, but .seem to be adherent together ; they can bo traced down into the 
cyto])laam for a short distance.* 

For further details regarding the .structure, development, and action of cilia and the nature 
and causation of their movement, sei? pp. 71 to 81. 

Protective epithelium. — The protective epithelia afford mechanical pro- 
tection to the surfaces which they cover. Two varieties of protective epithelium 



F I G . 1 5 4 . PATT H E L 1 1 ; M - S ( ■ AT. E S F ROM 
THE INSIDE OF THE MOUTH. (Ilcille.) 

Magiiitied 2()0 dimneters. 


may be distinguished — viz. stratified 
and transitional. 

In stratified epithelium the cells 
are disposed in a number of layers, and 
it is found that the constituent cells of 
the various strata exhibit every variety 
of shape. As a rule the cells of the 
deepest or attached layer are columnar 
(fig. 153, c), and the superficial cells 
are flattened scales (fig. 153, fi)^ 
which may be of considerable size 
and overlap one another (fig. 153). 
The cells of the layers immediately 
external to the columnar layer are si 
columnar cells and to one another (fig. 



Fio. 155. — Portion of epidermis from a 

SECTION OF THE SKIN OF THE FINOER, 
COLOURED WITH PICROCARMINE. (llaiivier.) 


G, horny layer ; its deepest part (stratum 
lucidum) with Hakes of eleidin ; r, eleidin- 
graiiules in cells of stratum granulosum ; 
d, deeper cells of stratum mucosum with inter- 
cellular channels; c, dentations hy which the 
deepest cells are fixed to the surface of the 
cutis vera. 

iped so as to enable them to fit to the 
53, f) ; but as we trace the strata towards 


* Myers-Ward, Journ. Anat. and Physiol, xxxii. 1897; Gurwitsch, Arch. f. mikr. Anat. lix. 1901 
H. Fuchs, Anat. Hefte, xix. 1902 ; xx. 1905. 
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the surface, we find the component cells becoming more flattened and larger, whilst 
at the same time in some epithelia, such as that covering the skin, they undergo a 
change in tlieir cliernical constitution, so that at first the external part, and 
afterwards the whole of the protoplasm of the cell, is converted into horny 
substance (keratin), even the nucleus being at last involved. 

The conversion into horny substance is preceded by tlie deposit of a fluid 
material in droplets, which is termed eleidin (Ranvier). In the epidermis and 
some other parts the cells in which this material is first deposited form a layer of 
flat granular-looking cells, spindle-shaped in section, which is situated between 
the soft, still protoplasmic, deeper cells and the more superficial horny stratum 
(fig. 155). The layer is termed stratum granulosum, and was described by Langer- 
hans. The eleidin forms larger drops as the cells are traced towards the surface. 


stratfini enrueum 

stratiDn li/cidum 
stratum 
, granulosum 


^ ret ('■ mucoHinn 


! 


Y cat is vera 


Fig. 156. --Vertical section through the skin of the palmar side of the finger, 

SHOWING TWO PAPILL.E (oNE OF WHICH CONTAINS A TACTILE CORPUSCLE) AND THE 
DEEPER LAVERS OF THE EPIDERMIS. (Schiifer.) Magnified about 200 diameters. 

and loses its faculty of being stained with hsematoxylin and basic dyes, being 
changed into a homogeneous-looking substance which has been termed keratohyalin ^ 
(Waldeyer). This gives the cells which it occupies a clear appearance, and they 
collectively form a layer, which is known as the stratum lucidum. Superficial to 
this is the true horny layer (stratum corneum). 

The cells of stratified epithelia not infrequently show the presence of pigment- 
granules, not only in the coloured races of mankind, but in certain parts of the 
epiJiermis of white races. It is not certain whether this pigment is formed in the 
cells where it occurs or is brought there by leucocytes. The presence of wander-cells 

’ The terms ‘eleidin’ and ‘keratohyalin’ are sometimes employed as synonyms, but it is better to 
retain the one for the granular fhase, and the other for the clear phase of the keratogenous substance. 
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containing pigment in the corium below such coloured parts has been noted in the 
normal skin by Kolliker * and has also been observed in connexion with the dark 
patches in Addison’s disease, but it cannot be determined whether these are 
bringing pigment or taking it away.^ 



The deeper layers of a stratified epithelium are not closely applied to one 
another by their edges, nor are they united by cement-substance, but there exists 
a system of intercellular channels, which are bridged across by fibres which run 
from one cell to the other (see figs. 15G, 157). When the cells are isolated, the 
fibres are broken through and appear as 
spikes or dentations on the surface and 
edges of the cells (fig. 158). Sometimes 
the intercellular channels become widened 
in consequence of an excess of fluid 
accumulating in them, but usually they 
arc very narrow and but little obvious. 

The spikes and ridges upon the deeper 
cells of a stratified epithelium were first 
noticed by Max Schultze, who was of 
opinion that they were for the purpose of 
effecting, by indenting with those on adjoining cells, a firmer connexion between 
the cells of the epithelium. The true relations of the structures in question, and 
the intercellular channels which arc bridged across by them, were discovered by 
Bizzozero. The researches of J. Arnold and of Thoma showed that similar inter- 
cellular channels occur extensively in all varieties of epithelium.'^ The fibrils which 

1 Zeitschr. f. wiss. Zool. xlv. 1887. 

- According to Kromayer (Arch. f. mikr. Anat. xlii. 1892), the pigment is certainly formed within the 
epithelium-cells. B. Rosenstadt {ibid. 1. 1897) comes to the same conclusion. 

^ Cf. also A. Kolossow (Arch. f. mikr. Anal lii. 1898), who, by the employment of a special method 
of fixation and staining, has been able to show cell-bridges in all epitheli^ without exception. 



FlO. 158.— -Two ‘ PRICKLE-CELLS ’ FROM THE 
DEEPER PART OF THE EPIDERMIS. (Ranvier.) 

(f, space around the nucleus, probably caused 
by shrinking of the latter. 
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bridge across the intercellular spaces were described by Ranvier as passing through 
the protoplasm of the cells. ‘ According to Cajal,*-^ they are covered by a prolongation 
of cell-membrane. A similar view is taken by Ide, who describes the cell-membrane 
as reticulated.-* A radiating system of fibrils has also been shown to occur in the 
pavement-epithelium cells which cover the posterior surface of the coniea (see 
fig. 133), and in this case also the fibrils traverse the intercellular spaces, passing 
from one cell into another. 

Fibrillation of the cells of a stratified epithelium is not confined to the deeper 
layers, but extends (iven to the cells of the horny stratum,* and, according to 
several authors,-’ is intimately associated with the condition of keratinisation. 

Stratified epithelium occurs in one of its simplest and most typical forms 
covering the anterior surface of the cornea of the eye, where in man there are 
about six layers of cells (fig. 153). A still simpler kind, containing only four layers 
of cells and with some mucus-secreting cells in the second layer, is described by 
Koch as occurring on the third eyelid of certain animals (fig. 159).'’ Stratified 
epith(‘liiini also lines the mouth, the chief part of the pharynx, and the oesophagus, 
and in the female the vagina and part of the cervix uteri ; but its most extensive dis- 
tribution is over the surface of the 
skin, where it forms the epidermis. 
In many parts of the epidermis tln^ 
layers become very numerous and 
their arrangement somewhat com- 
plicated, as will be j^articularly 
noticed in the description of the 
skin. It may be remarked that, in 
most of the situations where it is 
found, stratified epithelium is of 
ectodermic origin ; but this is not 
invariably the case, and its occur- 
rence depcmds much more upon the 
physiological conditions of the parts 
which it covers. Thus, wherever a surface is liable to undergo friction or abrasion, 
tlu're we find a development of this variety of epitlu’lium. 

The deeper protoplasmic cells of a stratified epithelium are continually multi- 
])lying by karyokinetic division,^ and, as the new cells which are thus produced in 
the deeper parts increase in size, they compress and push outwards those previously 
formed. In tliis way cells which were at first deeply seated, become gradually 
shifted towards the surface, undergoing meanwhile the chemical change above 
spoken of. The older superficial cells are continually being removed by abrasion, 
while others rise up to supply their place. 

Where stratified epithelium becomes continued into epithelium of the columnar 
kind, as at the junction of the (esophagus with the stomach, the change usually 
occurs abruptly, and the simple columnar epithelium seems to be a continuation 
of tlic deepest (or columnar) layer of cells of the stratified epithelium. But 
at the junction of the columnar epithelium of the rectum with the stratified 

’ Cf. Herscheimor, Arch. f. inikr. Amit. liv. 1890. 

* Tilt. Monatselir. f. Anat. u. Histol. iii. 188G. 

’ La Cellule, iv. 1888 and v. 1889. See also on the intercellular channels and bridges in stratified 
epitlu'liuin, S. (Tarten, Arch. f. Anat. iSO.'j. 

L. Merk, Arch. f. mikr. .\iiat. Ivi. 1900. 

’ Weidenreich, Arch. f. mikr. Anat. Ivi. 1901, and Ivii. 1901 ; Apolant, ihiiL Ivii. 1901; Nussbaum, 
Anat. Ilefte, xxxix. 1909. 

Arch. f. mikr. Anat. Ixiii. 1903. Koch terms this ‘mixed’ epithelium. A similar epithelium was 
described in the caruncula of man by L. Stieda (Arch. f. mikr. Anat. xxxvi. 1890). Stieda regarded the 
‘ mucuS'Secnding ’ cells of Koch as degenerated cells. 

■ Hauseman, Virchow Fes^chr. 1891. 



Fio. 159. Section of ei'iiheeicm of thihd eyelid 

OF CAT, SllOWlNO MCCUS-SECUETINO CELf.S IN A 
STRAITFIED EPITHELIIIM. (li. Kocll.) 
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epitheliinn of the anal canal the change is less abrupt, the number of layers 
of the stratified epithelium being gradually reduced until only the deepest 
remains. 

Stratitied epithelium plays an important part in connexion with the formation in the embryo 
of certain folds of skin and mucous mcjubrane, as well as of tubular openings on to the surface.’ 
Such folds are fretpiently preceded by a hy})ertrophy of the c])ithelium, which grows down into 
the corium in the form of a solid ridge. This subsequently splits along the middle by a dehiscence 
of its central cells, and one jmrt adheres to each of the layers of cori\im which now bound the 
<iepression. This is the manner in which the prepuce is formed in both sexes. Similarly the 
vagina is developed as a solid cord of epithelium which assumes a stratitied cliaracter, and by 



Fl(i. 160.— SKCTION of MI COI S MKMIUIANK of ULADDFH of D0(!, FIXKl) JN THE EMPTY 
('oNPrnoN OF THE ou(iAN. (K. W. Harv<y.) 

/>, r, successive layers of the epitheliinn. 

dehiscence of its central ci'Ils tlie solid cord is converted into a tube. A similar mode of formation 
is also said to ociuir in the male urethra, at least in its distal portion. In the development of 
the eyilids, the slit is temporarily closed by the growing together of the stratilied epithelium at 
the edges of the lids, and it is only'^ a little before birth that a splitting occurs in the epithelial 
<M)nnexion and the lids o])en. A familiar instance of this process of the downgrowth of stratified 



Fio. 161 . — Section of mccocs mkmhkank of ueaddek of noo, fixed in the distended 
CONDITION of the ohoan. (R. W. HaArvcy.) 

epithehum into a connective-tissue corium, with dehiscence and conseipient hollowing out of 
the centre of the growth, also occurs in connexion with the development of the hairs and 
cutaneous glands. 

TranBltlonal epithelium lines tlie urinary bladder and ureters. 
epithelium consists of three or four layers of cells (figs. 160, 161, 162), of which 
the inner or most superficial are large flattcmnl scales when examined from the 


VOL. II. PART I. 


Berry Hart, Journ. Anat. and Physiol, xlii. M)08. 


H 
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distended bladder, but almost cubical in shape when taken from the collapsed 
organ ; smooth over their free surface — which, according to Eggeling, is covered by 
a thin cuticular stratum — but pitted on the opposite side, being moulded over the 
rounded ends of the cells which form the next layer. These are pyriform, and 
the smaller end of the pear is set upon the subjacent connective tissue, whilst 
the larger end has the position just mentioned. Filling up the intervals between 
these tapering cells are the smaller irregular cells of the subjacent layers (fig. 160). 
In the flattened superficial cells two nuclei may often be seen in each cell : they 
are said to be produced amitotically (p. 69). If this is an indication that the cell is 
about to divide, the mode of growth of this kind of epithelium must be different 
from that of the stratified scaly variety, in which the multiplication of the cells 
takes place exclusively in the deeper layers. 

This variety of protective epithelium is termed ‘ transitional,’ as indicating a 
cliaracter intermediates between the simple epithelia with a single layer of cells 
and tlie more complex stratified epithelium which consists of a number of layers. 



Pl(i. — Kl'II'HELfAL CKI.I.S FUOM THE HI.APDKK UF THE KAHBIT. 

(Klein.) niaj^nifuMl. 

n, large flattened coll from the suporlicial layer, with two nuclei, and with strongly marked 
ridges and intervening depressions on its undersurface; o', one of the same cells shown in 
profile; />, pear-shaped cell of the second layer showing the iminner in which it is adapted to 
a depression on the superficial cell. 


1’he transitional epithelium of the bladder and ureters affords a striking 
example of the extensi))ility and elasticity of epithelium-cells, as shown by 
the manner in which it adapts itself to the variatioiLs in size of tlie cavity 
which it lines (figs. 160 and 161). ‘ 

SPECIAL MODIFICATIONS OF EPITHELIAL TISSUE. 

Special modificationaof epithelium are met with in certain situations in the body, and notably 
forming the enamel of the teeth and the substance of the crystalline lens of the eye. The pigment 
layer of the retina is also to be reckoned in this category, together with the pigmented epithelium 
which is prolonged in front of the retina over the choroid processes and posterior surface of the 
iris. Further, all the integument al appendages in vertebrates are essentially of epithelial 
nature, including the scales of reptiles, the feathers and beak of birds, the hairs, hoofs, claws, and 
nails of mammals. These integumental structures (fig. 163) are entirely composed of keratinised 
opit helium-cells, elongated or flattened and arranged in compact formation, and all have as a 
?v>undation from which to grow’ a layer or layers of protoplasmic epithelium resting upon a vascular 
oonnective-tissuo corium. In many of these structures pigment of various colours is deposited 
within the cells before keratinisation occurs. 


K. W. Harvey, Auat. Record, iii. 1900. 
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The enamel of the teeth (6g. 164) is produced from the deeper cells of the stratified epitheliuiu 
covering the gums. The epithelium becomes thickened and grows into the substance of the 
mucous membrane, a vascular papillary process of which projects into the thickening. This 



Fi(i. 10:j. — I) i,\(;ham K) show thi: dehi vaiion of a haih and ){aiu-fomhci,k fuom tfm: 

Ei’miF.i.iAi, HAVEU OF I'liK sKix. (Maurer.) 

//r., liair ; I////., its medulla ; r., its cutiele ; o., outer, and i., inner layers of root-slieath 
joining with one another at .V ; //, termination of inner root-sheatli on hair; i/e., ii//,, layers 
of Henle and of Huxley of inner root-sheath; epidermis; hair-papilla ; 1'., blood- 

vessels ; H.S., nerves ; 7/., sebaceous gland. 


A 



Fio. 1G4. — E.na.mel-phisms. (From Kblliker.) {JoD diameters. 

A, fragments and single columns of the enamel, isolated by the actimi of hydrochloric acid. 

B, surface of a small fragment of enamel, showing the hexagonal ends of the prisms. 

H 2 
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papilla undergoes calcification, i< nltin- in the production of the dentine or ivory of the 
tooth, which is a connective-tissue structure allied to bone; and upon the surface of the dentine 



Fig. 1C5.- -Skc TioN Tiiiiouoii thk makoin 

OP THK LKN8, SHOWTNO THE TRANSITION 
OF THE EPITHELIUM INTO THE LENS* 


thus formed the cells of the epithelial thickening 
(which now forms what is known as the enamel 
organ) deposit a succession of layers of enamel in the 
form of closely packed prisms of calcareous substance 
which correspond in form to the columnar cells 
which produce them. After the enamel is completed, 
and when the tooth crown emerges from the gum 
owing to the growth of the roots, the cells of the 
enamel organ disappear entirely.* The enamel 
prisms are probably formed within the enamel-cells 
(arneloblasts) themselves, and not by dejiosition of 
calcareous matter external to them. When fully 
formed they contain scarcely any organic material.^ 

The crystalline lens of the eye is also formed from 
an invagination of ectoderm, which occurs very early 
in embryonic development, and becoming separated 
from the rest of the ectoderm lies in the cuji-shaped 
cavity which is formed by the folding of the primary 
optic vesicle. The globular island of (Epithelium 
thus ])roduc(Hl consists of two layers, ant(Erior and 
posterior, continuous with one another at the cciuator 
of the lens. Of 1 h(\‘5e two layers the anterior remains 
almost unaltered except that its cells multiply with 
the growth of the lens ; it forms the antcuior or 
capsular epithelium of the lens, 'fhe posterior layer 
undergo(‘s considerable modification. Its cells grow 
into long clear prismatic or llattened fibres with 
irregular or jagged edges interlocking with one 
another. Th(Ey lose their proto))lasmic character and 
become occupied by a clear fluid containing a large 
amount of globulin : in most of them also the nucleus 
atrophies so that their original cell- nature tends to 
be greatly obscured (lig. 1(35). 

The pigment-cells of the retina are remarkable 
from the fact that they display under the alternate 
inlluence of light and darkness movements of the 
pigment-granules which they contain. The layer 
when viewed from the outer surface looks like a 
mosaic of hexagonal cells, but when seen in jirofile 
the cells are observed to be prolonged inwardly 
between the rods and cones of the retina, and it is 
also evident that the pigment-granules are eonfined 
to this part of the c(dl, while the nucleus lies in the 
outer part. The extent to which the pigmented part 
of the cell projects inwards varies with the conditions 
as regards light to which the eye has been exposed. 
If the animal had been exposed to light shortly 
before death, the pignuEiit is found to extend a con- 
siderable distance from the nucleus towards the bases 
of the rods and cones. But if, on the other hand, the 
animal is kept in the dark before being killed, the 
pigment is withdrawn toward the nucleus. The 
function of this pigment is partly for the purpose of 
absorbing light, partly to effect a chemical change in 
the retinal rods, the purple colouring-matter of which 
becomes bleached by the action of light and recon- 


FiBREs. (Babuchin.) 


verted into visual purple by the pigment-cells. 


* The structure and mode of development of the enamel will be again referred to when the other 
tissues of the teeth come uigler considi^ration. 

'•* C. S. Tomes, Proc. Odont. Soc. IHUO. 
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At the line of cessation of the retina — known as the ora serrata — this membrane is prolonged 
over the ciliary processes as the ciliaris vHince. This is not, however, true retina, for it has 
none of the nervous elements and is composed of but two layers, an inner layer of clear elongated 
columnar epithelium-cells and an outer layer of cubical j>igiiu'nted epithelium : the latter being 


A 




Fi(i. 1G6.— pKiMENTKD EriTUELiuM OF THE UKTiNA. (Grceff.) Magnified 1000 diameters. 
A. Surface view ; iiy nucleus. 


B. A single cell in profile view. V 

rt, free surface ; nucleus ; c, pigment-free cytoplasm ; pigmented cytoplasm ; 
c, pigmented processes. 


continued from the retinal epithelium just described, but having none of the special charact 
of that epithelium with the exception of tlie posscs.sion of pigment, with which the cells are closely 
packed. These pigmented cells are continued over the back of the iris, and are here reinforced 



Flo. 167.— Section of posteuior layers of iris, human, near its attachment to the 
CHOROID. (Schafer.) Magnified 600 diameters. 


8, iris-stroma of connective tissue, showing three pigmented connective-tissue cells; 
d, plain muscle-coils of dilatator pupilhe ; p‘, p*, pigmented epithelium-cells continued 
from retinal layers. Most of the cells of the stratum, are broken away. 


by a second pigmented layer which lies internal (po.yteric)r) to them (fig. 107). 'i’he cells of both 
of the.se layers as well as the pigmcnt-cells of the pars ciliaris retinse are filled with dark pigmen^ 
granules, the purpose of which is to block the passage of light-rays, so that the path of these may 
be confined to the pupil. 
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CONNECTIVE TISSUES. 

The connective tissues include areolar, fibrous, and elastic tissue, reticular 
(retiform) and lymphoid tissue, adipose tissue, cartilage, and hone. They agree 
in certain microscopic characters and also in taking origin in the looser part 
of the mesoderm, which has been termed mesenchyme (see p. 4), but they 
present many differences in the characters of their cells, which may be fibril- 
lated or granular, or occupied by pigment or by fat ; as well as in the 
arrangement and relative proportion of their tissue elements, and in certain special 
chemical characters. Their general character is the possession of a comparatively 
large amount of intercellular material, which constitutes a matrix or ground- 
substance through which fibres course ; the cells lie scattered singly or in groups 
in this ground-substance, spaces in which they may be said to fill. The ground- 
substance and the fibres which it contains are stained brown by Recklinghausen’s 



Fiu. 168 .— Akeolak tissue prepared by Recklinghausen’s silver method. (Sehiifer.) 

Magnified 200 diameters. 

The colls are seen as clear spaces in the (brown) stained ground-substance, through which the 

fibres course. 

silver-nitrate method (seep. 5), which leaves the cells and therefore the cell-spaces 
white (see figs. 168, 169 and accompanying Plate) ; where the cells are in contact 
with one another the white spaces which appear in a silver-stained specimen give 
the appearance of intercommunicating channels in the ground-substance. When 
first seen by Recklinghausen this appearance was not fully understood, since it 
was not known that the spaces thus brought to view are all occupied by cells, and 
the term ‘ lymph-canaliculi ’ (Saft-kanalchen) was applied to the supposed channels ; 
they are jiow more commonly spoken of as the cell-spaces of the tissue (fig. 169).* 
The ground-substance of connective tissue is naturally soft and semi-fluid in 
nature. It contains a mucin-like material, which forms, in the young condition 
of the tissue, its chief organic constituent. But, later, as fibres become developed 

‘ This torm was first employed to designate Recklinghausen’s ‘ ^^aft-kanalchen ’ in the 8th edition 
of this work. ^ 



Tendon from tail of rat; stained with silver nitrate 
Magnified 200 diameters. (Schafer.) 
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ill it, its pJiysical aud chemical characters become altered and the rnucin becomes 
replaced by collagen, yielding gelatin on boiling. ^ 

Different as the several varieties of connective tissue appear in their fully 
developed condition, they are all, as above stated, produced from the same 
embryonic formation, and, in different kinds of animals, are often found to replace 
one another. Moreover, where they come into juxtaposition they frequently 
pass by a gradual transition the one into the other, so that there can be no doubt 



Fio, lOy. — CoRNKA OF RAHBiT, STAINER WITH SILVER NITRATE. Magnified 800 diameters. 
Pliotographed from a pre2)ariition by H. IVingle. 

The cells are unstained, and apiiear as white siiaces on a brown ground. 

Compare with fig. 176, in wliicli the corneal cells are stained. 


about their close allinity. The affinity is, however, greater between the areolar, 
fibrous, and elastic tissues than between these and cartilage or bone. Retiform 
(including lymphoid tissue) and adipose may be regarded as modifications of 
areolar tissue, but they differ from it by the accumulation of cells which have a 
special function ; this accumulation may occur to so great an extent as to obscure 
the original structure of the tissue. 

ABEOIiAR TISSUE OR CONNECTIVE TISSUE PROPER. 

Areolar tissue is the most widely diffused of all the connective tissues. It 
is the fleccy-looking material which is seen when the skin is reflected, and from its 
property of binding or connecting the several parts and organs of the body together 
the generic name of connective tissue (German, ‘ Bindegcwebe ’) has been derived. 
It also enters into the composition of most organs of the body, forming a kind of 
framework whicli supports and connects the other tissues and conducts vessels 
and nerves to the proper elements of the organ, as in the muscles and secreting 
glands. Areolar tissue differs considerably in consistence in different parts, and 
in different animals. In some animals, including man, it is of a tough, fibrous- 
looking texture, composed of thin laminae which interlace with one another, leaving 
interstices (areolae) between them. These interstices intercommunicate throughout 
the tissue, and hence it happens that if air or liquid be forced into the tissue at any 
one part it may spread over a considerable space. In the young subject in man and 
some animals, and in other animals throughout life, the laminae of this tissue are le^ 
tenacious, and the tissue is softer and almost jelly-like or semi-fluid in con- 
sistence : this difference is due to the fact that in the one case there is a greater 
development of fibres in the ground-substance than in the other. The areolae of 
the tissue are moistened naturally with lymph ; they ai)i^ larger and the tissue is 
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looser ill some parts ; smaller, with denser tissue, in others ; tlie denser varieties 
pass hy gradual transition into the kind of connective tissue which is termed 
‘ fibrous.’ TJiere are no distinct areola* in the early stages of formation ; these 
become developed as tlie ground-substance becomes fibrillated, probably by 
liquefaction of part of the matrix. 

White fibres (coUaijenous fibrils ). — Examined under the microscope a lamina 
or film of ar<‘olar tissue shows a number of what look at first sight like wavy fibres 
running in all directions in the tissue and occasionally intercommunicating. More 
careful obs(*rvation shows that most of these appar(*nt fibres are really bundles of 
fine fibrt's or fibrils, and that the intercommunication of the bundles is eff(‘cted 
by the d(*tachment of a certain number of fibres from one bundle to join anotlier. 
The fibrils themselves, which run parallel with one another in the bundles (fig. 170), 
do not branch or join one another : they are cemented together in the bundles 
by an imperceptible amount of interfibrillar material, and the size of the bundles 
depends upon the number of fibrils in each. If the bundles are stretched they 
straighten out, and so do, of course, their constituc'iit fibres, but any attempt to 

extend the bundle further is met 
l)y marked resistance, which 
shows that the material of tin* 
fibres is one of considerable 
strength and toughness. 

These tine transparent fibrils, 
which always run in wavy 
bundles in the tissue and wliich 
never tlunnselves branch or join 
one anotlu'T, have a pearly-wliite 
appearance wIh'U accumulated 
in any (juantity, and have hence 
b(*en ternu'd the while fibres of 
the connective tissue. It is to 
them that a (*onnective tissue 
ow(*s any toughness it poss(*sses, 
and it is these fibres which, 
when a connective tissue is 
boih‘d, yield gelatin into solution. 
TIh'V have further the property 
of swelling up, with loss of distinctness of outline, when treated with dilute acid, 
and of dissolving in gastric jui(-e. On the other hand, weak alkalies have little 
or no (‘tfect upon tlu*m, although serving to dissolve the cement which unites them, 
nor an* th(\y attacked by pancreatic juice, which dissolves almost all the elements 
of tin* tissues. Under such conditions they are brought v(*ry prominently into 
view, and the same is the case with tin* films of reticular tissue, which are of 
similar nature. There are also special stains which may be used to bring out tin* 
collagenous fibres, and which l(*ave the other elements of the tissue almost 
unstained. The white fibres are doubly refracting, and ther(*for(‘ appear bright in 
the dark Held of the polarising microscope. 

Slaatlo fibres. — Besides the wavy bundles of white fibres which have just 
been d(*scribed, there may be seen, under the microscope, in a thin lamina or film 
rl areolar tissue a certain number of fibres (fig. 171), which are distinguished at 
once from the white fibres by the fact that they run singly, not in bundles, and, 
further, that they give off at frequent intervals branches which unite with adjacent 
fibres. They have also a more distinct outline and a measurable size, whereas 
the white fil)res are almdst too fine for measurement. In a preparation of areolar 



Fl<i, 170 . UlLAMKN'I’S dl' AUKdLAK 'riSSi:r,, IN J,\U(iKK AM> 
SMAM.KU lilM>l,KS, AS SKKN rNDCK A MAdNIKVINd 

I’owEK OF U)() DiAMK'i KUs. ( Sluirpey .) 
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tissue wliicli has been stretched out upon the slide the fibres we are now considering 
are seen to run nearly straight and without waves ; but if in preparing the specimens 



Fig. 171.— SriicrTANKors .mikoi.au tissue ehom a young HAiun r. (Suhiifer.) mnKnilied. 

'riiu figure* shows the appearance of the tissue examined perfectly fresh in a preparation 
nnuie hy the deini-desiccation method and moistened only with lymph. 

The white fibres are in wavy bundles, the elastic fibres form an open network. vacuo- 
lated clasmocytes ; c, branching finely granular clasmocyte; //, granular cell (mast-cell); 

/, fibri Hated cell ; the reniiunder are lamellar cells. 

Drawn under Zeiss’ 2 nun. apochromatic homogeneous-immersion obj(*ctiv«‘, and No. H 
( • o i n 1 )e 1 1 sati n g i‘y c i > i ece . 


they ar(' MiiywIuuH* liroken acro.ss, tlie broken eiuls tend 
to curl up, mucli in tlie same way that a thread of 
indiarubber wlien stretched to breaking tends to curl 
at the liroken ends (fig. 172). Tliese are the cfdstic jilfrcs 
of connective tissue : tliev aia; also known as the inHuw 
fibres, because wlnni massed together, as occurs in an 
elastic ligament, tlu'V exhibit a yellowish colour. Their 
number as compared with tin* whiti* fibres varies gnmtly 
ill difi’ercuit parts of the areolar tissue^ ; in sonu* parts 
they are only seen here and then* crossing the field of 
the microscope, in other parts they occur thickly. 
Chemically as well as microscopically they are very 
different from the white fibres. They resist boiling, but 
eventually partly dissolve, yielding a substance known 
as elastin ; they also resist the action of dilute acids 
and alkalies and digestive ferments, Init the latter 
eventually dissolve them.‘ This resistaiute to chemical 
reagents is due to a fine sheath (Schwalbe) which en- 
closes the elastin ; the latter may be dissolved out from 
the sheath. They stain intensely with certain dyes 
(magenta, kreoso-fuchsin," orcein), and may then be 
readily picked out wherever they occur. 



( From the subcutaneouH tissue 
of the rabbit.) 


• Cf. Pfeuflfer, Arch, f. mikr. Anat. xvi 187‘.». 


- Rbthig, ifreh. f. mikr. Anat. Ivi. 11)00. 
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The elastic fibres are angular in section (fig. 173) (sometimes with rounded 
angles, fig. 187), as may be seen in the elastic ligaments, where they are usually 

much larger than in areolar tissue. They 
snap straight across when stretched to 
breaking strain. In young animals, and 
sometimes also in the adult, they exhibit 
transverse markings here and there 
(fig. 186), which are best seen in the largest 
fibres and have been interpreted to indicate 
the formation of the fibres from rows of 
elastin particles which become subsequently 
fused together (Ranvier).' 

In consequence of the resistance these 
fibres offer to the action of acids and the 
readiness with which the white fibres swell and are made invisible by acids, it is 
suflicient to treat a fresh specimen of areolar tissue with dilutee acetic acid to bring 
at once conspicuously into view the elastic fibres, 
which may previously have been concealed by the 
much more numerous white fibres of the tissue. It 
sometirnc's happens that the white bundles wlien 
swollen by the acid remain constricted here and 
thens as if (aicircled by a band whicli is unaffected 
by the acid (tig. 174). Sonudiincs the band has a 
spiral disposition, sometimes there arc a number of 
separate rings. This appearance is rc'adily seen in tlie 
areolar tissue around the arteries at the base of tlie 
brain. It has been held to be due to (dastic fibres 
coiling round the white bundle ; others have thought 
that the appearance', may be caused by the presence 
of a delicate sheatli to each bundle which resists 
acid, and which, when the bundle swells, is ruptured, 
except at certain placavs ; and yet others liav('. 
ascribed the bands to cell-processes extending round 
the bundles. Perhaps more than one of these 
explanations is correct for different cases. 

The cells of areolar tissue,^ — Lying in the 
ground-substance, frequently in close contact with 
a bundle of the white fibres, or, if the tissue is 
dense, in the interstices between two or more 
bundles (but never in the interior of a bundle), |( 

are the cells of the tissue. Of these at least 
three different kinds occur in most areolar tissues — 174. -Bindlk of white 

FIBRES OF CONNEC TIVE TISSUE 

VIZ. I SWOI.LEN KV ACETIC ACID. 

1. Lamellar cells (fig. 175). — These are the most (Toiat.) 
characteristic and widely diffused. They are usually From the subarachnoid pssueat 
flattened, sometimes markedly so, and wmere a 

’ This mode of formation is not admitted by all authorities, many contending that the elastic fibres 
are formed by a transformation of branching cell -processes. But the development of elastic fibres in 
♦.'..rtilage lends support to the view taken by Ranvier. 

- See on the cells of connective tissue, Waldeyer, Arch. f. mikr. Anat. xi. 1875 ; Ehrlich, ibid. 
xiii. 1877; Westphal, Diss. Berlin, 1880; Randnitz, Arch. f. mikr. Anat. xxii. 1883; O. Nordmann, 
Internat. Monatschr. f. Anat. u. Hist. ii. 1885 ; Ranvier, Arch, de Physiol. 1889, and Jouni. de micro- 
graphie, 1889, 1890; Loewenthal, Arch. f. mikr. Anat. Ixiii. 1903; Maximow, ibid. Ixvii. 1906. The 
nomenclature is very confused. J. HchafTer (Die Plasmazellen, 1910) gives a good history of the 
subject. 




Fio. 173. Cross-section of elastic kihres 

FROM THE LIOAMENTL’M NUCH.K OF THE OX. 

(Sketched hy T. P. (lostling.) 
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number of them are in close contact they form an epithelium-like layer in the tissue 
or upon its surfaces (fig. 184). That these cells are of a similar nature to the 
endothelium-cells of a serous membrane is shown by the observation of Gronroos,* 
who found that if the endothelial cells are removed from the omentum of an adult 
cat no other cells are left either between or over the reticulating fibril-bundles. The 
endothelium-cells must, therefore, here be the only representatives of connective- 
tissue cells. When less closely arranged they tend to assume a branched irregular 
form, the branches themselves being often of a lamellar character. They may be 
connected by their branches into a network (syncytium), as is characteristically 



Fig. 175.— Fibres and cells of are(V^ar tissue, from a film preparation; guinea-pig. 

(Maximow.) The preparation was stained, without fixation, by neutral red. 

a, bundles of white fibres ; 5, elastic fibres ; r, lamellar cells ; (?, clasmocytes ; c, plasma-cells ; 

f, oxyphil leucocytes. 

seen in the cornea of the eye (fig* 176). In some connective tissues they are the 
only cells present. 

Each cell has an oval nucleus and clear protoplasm, which may, howeyer, 
contain a few granules. Occasionally a cell is seen with an appearance of fibrillation 
(fig. 171, /), but the fibrils have none of the characters of the white fibres of the 
tissue, although the appearance of the cells has been held to imply that these 
fibres are formed within the cells. The fibrillation is probably a form of 
cytomitome. 

2. Clasmocytes (Kanvier). — These are elongated or irregular cells, with elliptical 
nuclei and granular or vacuolated protoplasm ; they are common in many parts 
of the areolar tissue. They may represent less differentiated mesenchyme c^ 
than the lamellar cells. Some authors derive the clasmocytes from leucocytes, 
terming them ‘ fixed wander-cells.' 


* Anat. Hefte, xxii. 1903. 
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3. Plasma-cells , — These are characterised hy their small round excentric nuclei 
and the basiphil granules of their protoplasm, wliich is often vacuolated. They 
may be flattened, elongated, branched or iinbranched, but are usually spheroidal. 
They are not common in ordinary connective tissue, but are more numerous in 
young animals, in blood-forming organs, and in adenoid tissue.' 

4. Basi/phil cells (Mastzellen of Ehrlich).*-^ — These are large rounded cells, the 
protoplasm of which is packed with basiphil granules. They are believed to be 
developed from lymphocytes, which have undergone enlargement, and accumu- 
lation of basiphil material. They are numerous in bone-marrow and in parts of 
the connective tissue where fat is becoming deposited. 

Wander-cells are occasionally met with in areolar tissue. These are oxyphil or 
polymorph leucocytes derived from the blood. 

Pigrmented areolar tlBSue. — Pujment-cells resembling large branched 
connective-tissue cells, and containing numerous pigment-granules, occur in man 
normally only in the middle coat of the eye (fig. 177) and in the pia mater of the 



Fro. 176. — Celi.s of uabbit’s coknea stained with oold ohlokide. (Schiifer.) 
Magnified 800 diameters. 

The nuclei are unstained. The cells are connected hy their branches. 


upper part of the spinal cord, but in the lower vertebrates they are found in the 
skin, in serous membranes, and elsewhere. 

The pigment (melanin) which is contained within the cells consists of black or 
brown granules or molecules of a round or oblong shape, and almost too small 
for exact measurement. These granules are deihsely packed together in some 
cells ; in others they are more scattered. When they escape from the ruptured 
cells, they exhibit very strikingly the ‘ Brownian ’ molecular movement ; and in 
consequence of this movement the app>arent figure of the particles is subject to 
change. When viewed singly with a very high magnifying power they look trans- 
parent and almost colourless, and it is only when they are heaped together that 
tneir dark colour distinctly appears. The nucleus of the cell is not coloured, but is 
very often hidden from view by the pigment-particles. 

' L. H. Hine, Brit. Journ. Dermat. 1907. 

^ From the German prefix signifying ‘ fattened/ ‘ well-nourished.’ But Ballowitz found 

Ehrlich’s mast-cells just as nuiHerous in bats after the winter sleep as before (Anat. Anz. 1891). 



FIBROUS Tissn-: 


109 


In the lower animals remarkable movements are often observed in the ramified 
pigment-cells — e,(j. those of the frog’s skin. In these the dark particles of pigment 
are at one time dispersed over a large ramified area, but at another time they are 
gathered into a heap in the central part, leaving the rest of the branched area 
vacant. In the former case the skin is of a dusky hue, in the latter pale. The 



Fig. 177. — A small poktion of the chokoid coat op the eye. (Schafer.) Higlily magnified. 
/?, nuclei of flattened cells (the outlines of the cells are not indicated) ; I, lymphoid cells. 


aggregation of the pigment-molecules can be excited through the nerves, both 
directly and also in a reflex manner, as by the stimulus of light upon the retina. 
It has usually been held that the changes in the pigment-cells above described are 
due to movements of the pigment-granules within the protoplasm. But Verworn 
states that the movement is one of the whole protoplasm of the cell, and therefore 
a true amoeboid movement (see fig. 10.5, p. 65).* 

FIBROUS TISSUE. 

When the bundles of connective tissue are disposed for the inost part in one 
or two definite directions, instead of interlacing in every direction as in areolar 
tissue, they confer a distinctly fibrous aspect on the parts which they compose, 
accompanied by the acquisition of certain properties, which .nc mainly due to the 
parallel disposition of the elements of the tissue, and to the preponderance of 
white fibres over elastic. This fibrous tissue is met with in the ligaments, con- 
necting the bones together at the joints ; it also forms the tendons of muscles, 
to which their fleshy fibres are attached, and which again serve to attach these 
fibres to the bones. In many parts it assumes the membranous form, and consti- 
tutes a class of membranes termed ‘ fibrous.’ Examples of these are seen in the 
periosteum and perichondrium which cover the bones and cartilages, in the dura 
mater which lines the skull, in the fibrous layer of the pericardium, in the albugineous 
coat of the testicle, and the sclerotic coat of the eye. Fibrous membranes, named 
‘ aponeuroses ’ or ‘ fascia 3 ,’ are also employed to envelop and bind down the muscles 
of different regions, of which the great fascia enclosing the muscles of the thigli 
and leg is a well-known example. The tendons of muscles, too, may assume the 

1 See on the movements of pigment-cells, O. van Rynbeck, Ergebn. cl. Physiol. lOOfi (lit.) ; Babfik, 
Pfliiger’a Arch, cxxxi. 1900. 


no 


THE CONNECTIVE TISSUES 


expanded form of aponeuroses, as those of the broad muscles of the abdomen, 
which form strong fibrous layers in the walls of that cavity and add to their 
strength. It thus appears that fibrous tissue presents itself under two principal 
forms, the fascicular and the membranous. 

Fibrous tissue is white, with a shining, silvery, or pearly aspect. It is exceed- 
ingly strong and tough, yet perfectly pliant ; but it is almost devoid of extensibility. 
By these qualities it is admirably suited to the purposes to which it is applied in 
the animal frame. By its inextensible character it maintains in apj^osition the 
parts which it connects against any severing force short of that sufficient to cause 



actual rupture, and this is resisted by its great strength, whilst its flexibility permits 
of easy motion. Accordingly the ligaments and tendons do not sensibly yield to 
extension in the strongest muscular efforts ; and though they sometimes snap 
asunder, it is well known that bones will break more readily than tendons of 
^ual thickness, and the fibrous membranes are proportionally strong and alike 
inextensible. 

In fibrous tissue the bundles of white filaments run parallel, cohering very 
intimately. They either run all in one direction as in ordinary tendons and liga- 
ments, or intersect each ;>ther in different planes as in some aponeuroses, or they 
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take various directions and decussate irregularly with each other as in the dura 
mater. And when they run parallel with each other, as in tendon, they do not keep 
separate throughout their length, but send off slips to join neighbouring bundles 
and receive the like in turn ; so that successive cross-sections of a tendon or ligament 
present different figures of the sectional areas of the bundles. A sheath of dense 



c 

Fig. 179.— Part of a moderateia* large tendon in transverse section. (Schafer.) 

ciy areolar sheath of the tendon, witli the fibres for the most part running transvorscdy, but 
with two or throe longitudinal bundles, /.lymphatic cleft in the sheath; immediately over 
it a blood-vessel is seen cut across and on the other side of the figure a small artery is shown 
cut longitudinally ; c, large septum of areolar tissue ; r/, smaller septum ; c, still smaller 
septum. The irregularly stellate bodies are the tendon-cells in section. 




areolar tissue covers the tendons and ligaments on the outside (fig. 179, a), and a 
variable amount of the same tissue (d, e) lies between the fasciculi into which the 
smaller bundles are grouped, separating them from one another, and also occurring, 
in greater amount, between the largest fasciculi (c). It is in these areolar tissue 
septa that the blood-vessels and lymphatics of a tendon or ligament run. 

The surface of a tendon or of any other part consisting of this texture, appears 
marked across the direction 
of the fasciculi with 
alternate light and dark 
streaks which give it a 
peculiar aspect, not unlike 
that of a watered ribbon. 

This appearance is owing 
to the wavy course of the 
filaments, for when the light 
falls on them their bendings 
naturally give rise to alternate 
lights and shadows. 

The fibrous and areolar tissues thus agreeing in their ultimate structure, it if 
not to be wondered at that sometimes the limits between the two should be ill- 
defined, and that the one should pass by inconspicuous gradations into the other. 
Instances of such a transition may be seen in many of the fasciae : these at certain 
parts consist of dense areolar tissue, but on being traced f':rther are seen gradually 




Fig. iso. “Tendon of mouse's tail, stained with logw'ood ; 

SHOWING CHAINS OF CELLS BETWEEN THE TENDON-BUNDLES. 
(Schafer.) Magnified 175 diameters. 
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to become fibrous ; and fasciae which in on(* body are areolar in character may be 
decidedly fibrous in another. 

In fibrous tissue the cells, which are often called ‘ tendon-cells," are all of the 

lamellar variety. They follow 
the parallel arrangement of 
the fibre-bundles, and are 
disposed in rows or chains 
(hg. 180), which may be 
easily seen if a very fine 
tendon, such as those in the 
tail of the mouse or rat, or 
a, portion only of a larger 
one, is examined under the 
microscope, and a little dilute acetic acid is (arutiously added. A peculiar shape 
is im{)ress(‘d upon these cells by the close packing of the tendon-bundles, for 
although they may look (juadrangular or oblong when the tendon is viewed 
longitudinally (figs. 180, 181), yet when it is cut 
across they have a stellate appearance (figs. 179, 

182); since, like other flattened connective-tissue 
cells, they send lamellar extensions into the 
interstices between the contiguous bundles, whilst 
the middle of each cell, containing the nucleus, 
lies in the angular space between three or more 
bundles. When the tendon-cells are viewed 
longitudinally, any of the lamellar extensions, 
which are directed either towards or away from 
the observer, appear as lines on the surface of the 
cell (fig. 181). The same ap[)earance is often seen 
upon the flattened cells of the denser forms of 
areolar tissue, where the cells have Ixaui squeezed 
in between three or more bundles. 

Each tendon-cell consists of a 2^*’<^>toplasmic 
body, thicker at tin' centre and thinning oil in the 
extensions, and containing a flattened, round or 
oval, clear nucleus, with an intranuclear network 
and one or two nucleoli. The ends of adjacent 
cells are in close apposition, and form, as before 
tendon, and the nucleus is generally so situated towards one end of the cell as to be 
in close proximity to the nucleus of an adjacent cell ; they thus present the appear- 
ance of being arranged in 
pairs (figs. 180, 181). Here 
and there a third nucleus 
with a small amount of 
protoplasm, may be seen 
interpolated between two 
such cells. 

The lamellar extensions 
of the cells do not always 
end with an even line, but 
are themselves often pro- 
longed into fine branches, 
which penetrate still farther into the ground-substance which separates the 
fibre-bundles of the teifdon from one another. 







ilc,. IMS. -CeLL-S1».VCKS of TKNnON OK MoI’SK’s TAII,, KUOCOHT 
INTO VIEW IIY TUEATMEN'I' WITH NITRATE OF SILVER. 

{Scliiifor.) Maj^nitird 175 diaiiietors. 



WITH Loowool). (Scliiift'r.) Mag- 
nilicd 175 diameters. 

TIh* flattened proct-sses of the 
tendon-cells (wliieli are stained 
dt'eply l)y logwood) appear in section 
as lines, frecjutTitly coming olT at 
right-angles from the body of the 
cell. The bundles of fibres are not 
represented ; tliey are very irrcgnlar, 
and hnt incompletely separated by 
the eell-[)roeesseH. 

noticed, chains of cells in the 



Eh*. IHl. -Eiomt ckles from the same tknoon as repre- 
sented IN Flo. 180. (Sehiifer.j Magnified 425 diameters. 

Tin* nuclei, with their numerous nucleoli, were deeply 
coloured by the logwood. The dark lines on the surface of the 
cells are the optical sc;ctions of hiniellar extensions directtal 
towards or away from ilie observer. 
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The cells of tendon remain of course unstained when the tissue is treated with 
nitrate of silver, and exposed to light, and they then appear as chains of white 
patches on the brown ground (fig. 183). (See also Plate opposite p. 102.) Tendon 
contains a few elastic fibres, most of which lie between the larger bundles, but some 
between the smallest and in close contact with the tendon-cells.^ 



Fi(i. 181.— Pavement-kpithklium (endothklu m) from the surface op as aponeurosis 

TREATED WITH NUIRATE <>F SILVER. (Sclliifer.) 


The cells at the surface of many tendons and aponeuroses form a continuous 
epithelioid layer. When treated by the silver method the outlines of the individual 
cells, which may be irregular in size and shape, are made manifest (fig. 184). 

ELASTIC TISSUE. 

In certain situations in the body a tissue is required which, while allowing a 
considerable amount of extension, will readily return to its original condition when 
the extending force is relaxed. This is provided for by the preponderance of 
elastic fibres in the connective tissue, and these in the most typical examples of the 
tissue, such as the lig amentum nuchie of quadrupeds and the ligamenta subflava 
of the human spine, give it a yellowish colour. The tissue is extensible and elastic 
in the highest degree, but is not so strong as ordinary fibrous ligament, and it breaks 
across the direction of its fibres when forcibly stretched. 

Examples of the texture on a large scale are seen in the horse, ox, elephant, and 
other large quadrupeds, in which it forms the great elastic ligament, called Uga- 
mentum nudicB, that extends from the spines of the vertebrae to the occiput and aids 
in sustaining the head ; in the same animals it also forms an elastic subcutaneous 
fascia, which is spread over the muscles of the abdomen and assists in supporting the 
contents of that cavity. In man it occurs in the following situations, viz. : 

1. Forming the ligaymnta suhflavay which extend between the arches of adjacent 
vertebrae ; these ligaments, while they permit the bones to be drawn apart in 
flexion of the body, aid in restoring and maintaining their habitual approximation 
in the erect posture — so far, therefore, relieving the constant efiort of the erector 
muscles. There is, moreover, an obvious advantage in having an elastic band in 

' J. F. Gemrnill, Journ. Anat. ami Physiol, xv, 19?f6. 

VOL. II. PART I. I 
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this situation, instead of an ordinary ligament, which would be thrown into folds 
when the bones are approximated. 2. Constituting the chief part of the stylohyoid, 
thyrohyoid, and cricothyroid ligaments, and 


those named the vocal cords. Also extending, 
in the form of longitudinal bands, beneath 
the mucous membrane of the windpipe and 
its ramifications. 3. Entering into the 
formation of the coats of the blood-vessels, 
especially the arteries. 




Fig. 1S5.— Elastic fiuuks from the 
L ioAMKNTA suiJKLAVA. (Shtirpey.) 
Magnitied about 200 diameters 


THE LIGAMENTUM NUCH^: OP 
THE OX, SHOWING TRANSVERSE 
MARKINGS ON THE FIBRES. 
(Schafer.) Higlily magnified. 



Pig. 187. — Cross-section of the ligamentum 

NUCHA'i OF THE OX. 


The fibres are of various size ; their angles are 
tor the most part rounded. They are collected into 
small bundles, which are separated by areolar 
tissue. This tissue also penetrates into the bundles. 


In elastic tissue there is a 
great proportionate development of 
the elastic fibres, the white bundles 
being relatively few and indistinct; but 
considerable variation is met with 
in the proj^ortion of the two kinds of 
elements. The white bundles are, for 
the most part, disposed irregularly and 
course in different directions, as in 
areolar tissue ; but, in some elastic 
ligaments, there are bundles of white 
fibres, which run as in an ordinary 
ligament parallel with one another, 
and from end to end of the structure. 
The elastic fibres in an elastic ligament, 
as is well seen in sections across their 
course, are collected into smaller and 
larger groups or bundles (fig. 187), 
which are separated from one another 
by septa of the white tissue, but the 
latter also penetrates between the 


individual elastic fibres of the group. 
In some situations, as in the coats of the arteries, the elastic tissue takes the 
form either of a close network of fibres arranged in one plane so as to form an 
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Fig. 188 .— Elastic netwouk 
OP ARTERY. (Toldt.) 



incomplete membrane, or of a complete membrane with holes or fenestne in it 
and with elastic fibres connected with its surfaces. This is the so-called fenestrated 
membrane of Henle (figs. 188, 189). 


Fig. 18 D. — Portion of fenestrated 

MEMBRANE FROM THE FEMORAL ARTERY. 

(Henle.) Magnified 200 diametei‘8. 
a, hy r, perforations ; <7, a fold in the membrane. 


The cells of elastic tissue resemble those of areolar tissue, but they are relatively 
fewer in number and are chiefly of the lamellar variety. 

VESSELS AND NERVES OF CONNECTIVE TISSUE. 

Blood-vessels, lymph-vessels, and nerves are everywhere conveyed in 
the areolar tisvsue to the places where they are to be distributed, but very few blood- 
capillaries are destined for the tissue itself, although abundant lymphatic networks 
are present in many parts ; especially in the subcutaneous, subserous, and sub- 
mucous tissues. In some places — e,g, serous membrane, subcutaneous tissue, 
connective tissue around joints — the areolar tissue is richly supplied with sensory 
nerve-endings of different kinds. These, although situated in the areolar tissue 
of the part, are concerned not especially with the sensibility of this tissue but with 
that of the organ of which the tissue forms a part. They will be described later. 

Fibrous tissue receives blood-vessels, but in general they are inconsiderable both 
in number and size compared with the mass of tissue to which they belong. In 
tendons and ligaments with longitudinal fasciculi, the chief branches of the vessels 
run parallel with and between the larger fasciculi, and, sending communicating 
branches across them, eventually form a very open network with large oblong 
meshes.' Some fibrous membranes, as the periosteum and dura mater, are much 
more vascular ; but the vessels seen in these membranes do not strictly belong to 
them, being destined for the bones which they cover. 

Lymphatics are contained in great abundance, as Ludwig and Schweigger-Seidel 
showed, in the enveloping areolar-tissue sheaths of tendons and aponeuroses, where 
they form plexuses with polygonal meshes. In addition to these, a close network 
of lymphatic vessels with elongated meshes may be injected in the deeper parts of 
the tendons, where they run in the penetrating areolar tissue. Sometimes, as in the 
central tendon of the diaphragm, lymphatic .spaces separate the tendon-bundles from 
one another. A connexion, although not an open one, exists between these lymph- 
atics and the cell-spaces of the fibrous tissue. The lymphatic vessels of the 
tendons are partly concerned in the removal of lymph from the skeletal muscles, 
which themselves lack true lymphatic vessels. 

' For a description of the arrangement of the blood-vessels in differ Ait tendons, see Arai, Anat. 
Hefte, xxxiv. 1907. 
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The penetrating areolar tissue of tendons, like the same tissue elsewhere, possesses 
areolse, which here take the form of elongated clefts, and these may also partly serve 
for the passage of lymph. 

All tendons and ligaments, and fibrous membranes, possess nerve-fibres, which 
course for the most part in a direction parallel with the fasciculi and terminate 
in a special manner within these tissues, as will be noticed when the peripheral 
distribution of nerves is described. 

As to elastic tissue, the yellow ligaments, which contain this in its purest form, 
are but scantily supplied with blood-vessels, those that are present running in the 
interstitial areolar tissue between the elastic bundles. The lymphatic vessels also 
course for the most part longitudinally in the interstitial areolar tissue, being con- 
nected hero and there by transverse branches, and in addition to these vessels the 
lymph may be conveyed by means of the elongated areohe of the same tissue. 
Neither blood-vessels nor lymphatic vessels actually penetrate into the small 
bundles of elastic fibres, although the lymphatic vessels often lie close against the 
surface of the bundles. The mode of distribution of nerves in this tissue is unknown. 

DEVELOPMENT OF CONNECTIVE TISSUE. 

Those parts of the early embryo in which connective tissue is subsequently to 
be developed are at first composed entirely of embryonic cells, to all appearance 

similar to the cells which constitute 
the mesoderm generally (fig. 190). To 
the cells which form the connective 
tissues the name mesenchyme cells 
was applied by R. and 0. Hertwig 
(see p. 4). 

Mesenchyme cells are at first 
rounded in shape, and loosely packed ; 
they may exhibit amoeboid move- 
ments when examined on the warm 
stage. Subsequently they become 
irregularly ramified and tend to unite 
with one another to form a kind of 
cell -network or syncytium with open 
interstices (fig. 191). These interstices 
arc at first occupied by an albuminous 
fluid which later acquires a mucous or 
muco-albuminous character, and the 
tissue assumes a jelly-like consistency : 
the interstitial substance may now be 
spoken of as the ground-substance or 
matrix. 

In this ground-substance fibres 
of the two kinds, white and elastic, 
become developed, but the manner in 
which they are formed is by no means 
clear ; and two distinct and opposed 
views are held by histologists upon 
the subject.^ According to the first 
view, which has been maintained by 

‘ These views are set at length and the literature and history of the subject are dealt with by 

Hiding, Ergebn. d. Anat. xvii. 1907. RiJtliig deals mainly with the elastic fibres, but it is usually held 
tli.it till' mi'tlin.l ..f »l<M‘lopment is the same for both kinds of fibre. 



Fio. 190. — Mesoderm cells prior to thk develop- 
ment OF connective-tissue fibres between 
THEM. (Maximow.) 

Prom an early rabbit-embryo. 

Di, m, ordinary mesenchyme cells; m\ a cell 
dividing by karyokiiiesis ; (, a primitiw blood- 
cell. 
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Waldeyer,' Flemming,* and many others,^ the fibres are formed within the 
protoplasm of the cells, the bundles of white fibrils either being produced by a 
direct conversion of the protoplasm of some of the cells, the others remaining 



Flo. 191.— Cells of developino connective tissue (mesen- 
chyme) UNITED TO FORM A SYNCYTIUM. (Froiii Prciiant, 
Bouin, and Maillard.) 

No fibres are as yet developed in the intercolluhir substance. 


as the permanent connective-tissue corpuscles ; 
or the permanent corpuscles represent embryonic 
cells, layers of whose protoplasm have been 
successively converted directly into fibrillar tissue, 
the cells, meanwhile, after each such conversion, 
growing again to their original size, and at length 
remaining in contact with the bundle of fibres 
which they have assisted to form. Similarly 
the elastic fibres arc supposed to be formed 
either by a transformation at the surface of the 
cells or by conversion of the cell-processes into 
elastic filaments, which become connected with 
those of neighbouring cells, and produce networks 
of elastic fibres.^ According to another view, 
which has been adopted in successive editions of 
this work and is advocated by Kdlliker,'^ Ranvier,^ 
and Merkel,^ the fibres, both white and elastic, 
are formed by a deposit in the intercellular 
substance, which is shed out or secreted by the 
cells of the tissue, and not by a direct change of 
the protoplasm of the cells, with which indeed 
they are not connected ; although it is n^t 
excluded that the deposition may be influenced, 
or even caused by the cells.'* A view, which may 

be regarded as intermediate between those above mentioned, is held by F. Mall,^ 
who is of opinion that the material in which the cell-syncytium is imbedded, that 


Fig. 192.— Connective-tissue cells 

OF SALAMANDER LARVA, SHOWING 
FIBRILLATED STRUCTURE OP PROTO- 
PLASM. (Flemming.) 

Two of the cell-nuclei are dividing. 


^ Sitzungsb. d. Pr. Akad. 189.1. ^ Virchow Festschrift, 1891 ; Arch. f. Anat. 1897. 

^ See especially, Klinke, Arch. f. mikr. Anat. xliii. 1894 ; Spuler, Anat. Hefte, vii. 1897 ; B\ Meves7 
Arch. f. mikr. Anat. Ixxv. 1910. 

^ J. F. Gemmill, Journ. Anat. and Physiol, xi. 1906. ’ Gewebelehre, 1889. 

Traite technique d’histologie, 1889. " Anat. Hefte, xxxviii. 1909. 

Cf. further on this question HauHeii, Anat. Anz. xvi. 1899; Waldeyer, Arch. f. mikr. Anat. Ivii. 
1901 ; Laguesse, Arch, d’anat. micr. vi. 1903 ; Golowinski, Anat. Hefte, ycxiii. 1907, 

^ Amer. Journ. Anat. i. 1901-2. 
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which is here termed intercellular substance, is itself a kind of exoplasm , and as 
much a living part of the cell-syncytium as the endoplasm, which is the term 
used by Mall to designate the cytoplasm of the branched cells. Mall holds that 
the fibres are developed in the exoplasm ; and since he regards this as living 
material, the opinion which he expresses of the formation of fibres exhibits a 
certain resemblance to that which regards them as being produced from the cell- 
protoplasm. A view somewhat similar to that of Mall is taken by M. Heidenhain 
(see p. 2). 

In favour of the view of Waldeyer and Flemming is the fact that in young 
connective tissue there are to be seen long cells with fibrillated protoplasm which 
might be regarded as in process of conversion into bundles of white fibrils (fig. 192 



Fio. 198 .— Developing connective tissue from the umbilic.\l cord of a three months’ 
HUMAN EMBRYO. (Miliot.) X 511. 

/, fibres developing in intercellular substance. 

and fig. 171, / ). And various authors have described an apparent continuity, both 
in young and in developed connective tissue, of the elastic fibres with the cells of 
the tissue, or even with their nuclei. 

In favour of the view which was advocated by Kdlliker may be instanced the 
appearance of the jelly-like connective tissue of the early embryo in which fibres of 
both kinds can be seen coursing through the intercellular substance, apart from the 
cells (fig. 193). In the case of the elastic fibres, these, according to Ranvier, appear 
in the form of rows of granules or globules, which subsequently become fused 
together end to end, and are not at any time continuous with cells (fig. 194). To form 
an elastic membrane, in place of being arranged in lines the globules are deposited 
in small patches, and by their fusion the membrane is formed (p). In elastic 
cartilage granules first make their appearance in the immediate neighbourhood of 



developmp:nt of connective-tissue fibres 


119 


the cartilage-capsules ; but although this renders it probable that the deposition of 
the granules is influenced by the cells, there is no evidenc*e that they are formed 


by a direct conversion of the cell- 
protoplasm. Indeed, the subsequent 
extension of the fibres into those 
parts of the matrix which were 
previously clear of granules (a pro- 
cess which can be easily followed ^ 
in the arytenoid cartilage of the 
calf) (fig. 222), and in which no such 
direct conversion of cell-protoplasm 
is possible, is a strong argument in 
favour of the hypothesis that the 
substance of these fibres is deposited 
in the intercellular substance. 

The view which supposes that 
a direct conversion of the proto- 
plasm of the connective-tissue cells 
takes place into fibres, both white sti 
and elastic, was for many years 



Fkj. li)4 . — Devklopment of elastic tissue by 

DEPOSITION OF FINE (IHANULES. (Raiivicr.) 

/y, monilifonn fibres formed by rows of ‘olastin’ 
, miles ; y;, Hat platelike expansion of elastic sub- 
nce formed by the fusion of ‘ elastin ’ granules. 


widely adopted, but it seems to rest largely upon a desire to interpret the 
facts in accordance with the conc(*ption (originally formulated by Lionel Beale and 



Fig. 195.— From a section of a twenty-eight-hour chick-embryo. (Szily.) 

cbY, epithelium of foregut; endothelium; my, myocardium; jelly-like tisHue with 
protoplasmic fibres prolonged from the cells bounding it. 


M. Schultze), according to which every part of an organised body consists either of 
protoplasm (formative matter of Beale) or of material which has been protoplasm 
(formed material of Beale), the idea of a deposition or Change occurring outside 
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the cells in the intercellular substance being excluded. It is, however, not difficult 
to show that a formation of fibres may occur in the animal organism without a direct 
transformation of protoplasm, although the materials for such formation may be 


Fio. 100. — From a section of a forty-eioiit-houk chick embryo. (Szily.) 
ect^ ectoderm; y, jelly-like tissue with protoplasmic threads ; m, mesenchyme-cells. 



furnished by cells. Thus in coelenterates, in which a low form of connective tissue 
first makes its appearance, this is distinguished at first by a total absence of cellular 
elements, a ground-substance only being developed and fibres becoming formed in it. 
Again, the fibres of the shell-membrane of the bird's egg are certainly not formed 



Fio. 197. — Developing connective tissue in heart of embryo chick of forty-eight 

HOURS. (Szily.) 

myy myocardium; c, endothelium of endocardium ; hl^ blood-corpuscles in cavity of heart ; 
jelly-like tissue formed of a network of fibrils, continuous with cells of myocardium and 
endothelium ; ///, mesenchyme-cells in jelly. 

by the direct conversion of the protoplasm of the cells which line the oviduct, although 
they are formed in matter secreted by those cells, and it is through the agency of 
those cells that the deposit occurs in a fibrous form. And in many parts where ordi- 
nary connective tissue will subsequently be developed its place may at first be 
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taken, even in vertebrata, by a jelly-like tissue pervaded by a network or feltwork 
of fibres, amongst which mesenchyme cells only penetrate at a later stage. A jelly- 



‘ Fig. 198.— From a section of a nineteen-day trout embryo. (Szily.) 

ectoderm ; n.c., neural canal; m.5., mesoderm somites; 7 , jelly-like tissue ; 

w/, mesenchyme-cells. ■ ^ 

like tissue of this kind has been described by Szily in various situations in the fish 
and bird embryo, appearing as the precursor of the permanent connective or mesen- 
chymic tissue : it is prob- 
ably derived from adjacent 
epithelial or endothelial 
formations (figs. 195 to 198). 

The jelly-like connective 
tissue of the embryo persists 
in the umbilical cord until 
birth as the so-called jelly 
of Wharton (fig. 199), but 
the fibres in it are by this 
time numerous. Elsewhere 
it has largely lost its jelly- 
like character in conse- 
quence of the considerable 
development of fibres in the 
ground-substance, but the 
amount to which they are 
developed varies greatly. 

In the vitreous humour of 
the eye, which has generally 
been described as developing 
from mesoderm which has 
grown in between the ecto- 
derm of the lens and that 
of the retina, but few fibres are developed, and such cells as there are become 
for the most part either atrophied or much modified, and remain relatively few 



Fig. 199. — Jelly of Wharton from umbilical cord of 
NEW-BORN CHILD. (Sobotta.) X 280. 

/, connective-tissue fibres ; c, cells. 

The fibres are now in contact with the cells. 
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in number. The so-called jelly-like connective tissue which is thus produced 
consists therefore, if this view of its development is correct, mainly of ground- 
substance. But there appears to be some doubt whether the vitreous humour is 
not a product rather of ectoderm than of mesoderm. In that case it would, like 
the reticular tissue of the thymus, require to be removed from the list of connective 
tissues. 

Connective tissue is readily regenerated, although the new cicatricial tissue 
which is formed in place of that which has been removed by the knife or by disease 
is not always obviously of the same character, either as regards its cells or fibres, 
as the tissue it replaces. It was believed by Cohnheim, whose views were supported 
by the experiments of Ziegler, that the new tissue was formed by the leucocytes of 
the granulation-tissue which first appears in the wound. On the other hand, it 
is affirmed by other observers that the leucocytes, although unquestionably 
precursors of the newly forming tissue, do not take any direct part in its formation, 
but are gradually supplanted by cells of the surrounding connective tissue which, 
after undergoing multiplication, wander into the space within which the new 
tissue is to become formed, and become the active agents for the production of 
the cicatricial tissue.^ 


SPECIAL VARIETIES OP CONNECTIVE TISSUE. 

RETIFORM OR RETICULAR TISSUE. 


This is a variety of connective tissue which is met with in various parts of the 
body, constituting the main part of the framework of many organs and entering 
largely into the constitution of mucous membranes and of most glands. Within 



Fig. ‘200. “Reticular tissue ok a liver-lobule. (Oppel.) 


F.C., central vein; i, interlobular interval. 


these organs, between the larger trabeculae of connective tissue, it forms an extremely 
fine and close network or feltwork of fibrils (figs. 200, 201), which serves to support 

' Sherrington and Ballance, Journ. Physiol, x. 1889. 


RETICULAR TISSUE 


123 


the epithelial elements, for which it often forms a basement-membrane, and to 
conduct the capillary blood- and lymph-vessels to all parts. It is composed of a 
very line reticulum of connective-tissue fibrils, which in their behaviour to staining 
reagents and in their general micro- 
scopic appearance closely resemble the 
white fibres of areolar tissue, with 
which, in the lymph-glands, they are 
undoubtedly continuous. According 
to F. Mall/ they do not yield gelatin on 
boiling, but this is denied by Young. ^ 

However this may be, their anatomical 
continuity with the white fibrils of 
connective tissue is unquestionable. 

The tissue is formed of very fine anasto- 
mosing bundles of these fibrils, with 
the meshes of the network occupied by 
fluid ; the ground-substance has almost 
entirely disappeared. In some situa- 
tions, such as parts of the lymph-glands, 
fixed cells of the tissue are apjDlied to 
and are wrapped round the strands of 
the network, which may thus be in 
great measure concealed by the cells. 

The tissue then appears to be formed of a network of branching and anasto- 
mosing cells, and was for a long time so described ; but if the cells are brushed 



Flo. 201.- 


-Reticular tissue of marrow. 
(Enderlen.) 



Fio. 202.— Reticulum from the medullary part of a lymph- gland. (Schafer.) 

fr, end of a trabecula of fibrous tissue ; ?*, r, open reticulum of the lymph-path, continuous 
with the fibrils of the trabecula ; r\ r\ denser reticulum of the medullary lymphoid cords. The 
cells of the tissue are not represented, the figure being taken from a preparation in which only 
the connective-tissue fibrils and the reticulum were shown. 


away or otherwise removed, as by a short treatment with dilute alkali, the fibres 
of the reticulum come clearly into view (figs. 202, 203). The true structure of this 
tissue was first pointed out by Bizzozero. 

In the thymus the reticulum is of epithelial origin (entoderm of visceral pouch), and is wholly 
formed of anastomosing cells. It cannot therefore rightly bo classed amongst the connective 

^ Anat. Anz. iii. 1888. 

* R. A. Young, Proc. Physiol. Soc. 1892 (Journ. Physiol, xiii.). Siegfried (Habilitationschrift, 
Leipzig, 1892) found gelatin in reticular tissue, but states that it also contains a special chemical 
substance, which he terms reticulin. Siegfried’s conclusions have, however, been traversed by 
M. Christine Tebb (Journ. Physiol, xxvii. 1902), and the identity of the fibrils of reticular with those 
of areolar tissue must be regarded as established. 



124 


THE CONNECTIVE TISSUES 



tissues, in spite of the fact that lymphocytes may occur in large numbers in the meshes of the 
cell-reticulum. Another epithelial (ectodermic) tissue which simulates reticular connective 

tissue is that of the enamel organ of 
the developing tooth. 

In certain situations the 
meshes of the retiform tissue are 
occupied by numerous corpuscles 
which closely resemble the 
lymphocytes of the blood and 
lymph. They are here known 
as lym'ph-cells, and the tissue 
containing them is termed 
lymphoid or adenoid tissue 
(fig. 204). This tissue is found 
composing the greater part of 
the lymph-glands, and other 
structures allied to them, such 
as the solitary and agrninated 
glands of the intestine, and the 
similar structures in the tonsils 
and elsewhere. Moreover, the alimentary mucous membrane is in some parts 
permeated by the same tissue, and it occurs also in other mucous membranes and, 
in the form either of elongated tracts or of isolat(Ml nodules, in many parts of the 


Fio. 203 . — End of a Fiituoirs tuahecula from the same 

PREPARATION, SHOWING THE CONTINUITY OF THE CON- 
NECTIVE-TISSUE FIHRILS WITH THE RETICULUM. (Sclltifer.) 
Highly magnified. 

/r, trabecula ; r, reticulum. 



Fig. 204.™LYMPHt)iD tissue from medulla of lymph-gland of dog. (Schafer.) 

The trabecula) and the fibres of the reticular tissue are stained dark, the lymphocytes are only 

faintly stained. 


serous membranes. In parts of the spleen and in certain other organs known as 
hecmal lymph-glands the interstices of the retiform tissue are occupied by blood, 
instead of by lymph. *Like the white fibres of connective tissue, the fibres of 
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reticular tissue resist the action of trypsin, and can be well shown in portions 
of tissue which have been subjected to tryptic digestion.^ 

Development. — In the formation of reiiform tissue the ground-substance 
appears to become entirely liquefied except where it enters into the composition 
of the reticulum. The cells of the tissue become applied to the anastomosing 
fibril-bundles, and by their union constitute a network of branched cells enveloping 



Fio. 205.'— Section thkough one of the cbypts of the tonsil. (Stohr.) Magnified. 

c, stratified epithelium of general surface, continued into crypt; /,/, follicles or nodules of 
lymphoid tissue ; opposite each nodule or germ-centre numbers of lymph-ctdls are passing into 
and through the epithelium ; a, s, masses of cells which have thus escaped from the tonsil to 
mix with the saliva as salivary corpuscles. 

the network of fibrils. In lymphoid tissue the meshes become occupied by lymph- 
corpuscles which may originally have come from the blood- or lymph-vessels, 
but afterwards multiply by cell-division in the tissue itself. This multiplication 
can be seen (by observing the karyokinetic figures) to be occurring actively at certain 
points in the tissue, and around these points (germ-centres of Flemming) the lymph- 
corpuscles tend to accumulate in spheroidal nodules (lymphoid nodules, fig. 205,/ ) 
which are highly characteristic of lymphoid tissue. 

ADIPOSE TISSUE. 

Distribution. — This tissue is not confined to any one region or organ, but 
exists very generally throughout the body, accompanying the still more widely 
distributed areolar tissue in most, though not in all parts in which the latter is 
found. But its distribution is not uniform, and there are certain situations in which 
it is collected more abundantly. Thus, it forms a considerable layer underneath 
the skin, and, together with the subcutaneous areoiar tissue in which it is lodged, 
constitutes in this situation what has been called the 'panniculus adiposus. It i^ 
collected in large quantity round certain internal parts ; around the kidneys 
especially it forms a compact mass, which from a comparatively early period of 

^ C. Spalteholtz, Arch. f. Anat. 1897 ; Hoehl, On the reticular tissue of various organs, see 

Oppel, Anat. Anz. vi. 1891 ; C. Ciaccio, Aiiat. Anz. xxxi. 1907 ; Balabib, Anat. Anz. xxxiii. 190S, 
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FlO. 206. — A HMALL FAT-LOBULE FROM THE SUBCUTANEOUS TISSUE 
OF THE GUiNEA-pia. (Scliiifer.) Magnified about 20 diameters. 

a, small artery distributed to the lobule ; x\ small vein ; the 
capillaries within the lobule are not visible. 


embryonic development, and even before fat is deposited in its cells, appears as 
a distinct gland-like clump, which is sometimes termed the renal fat-organ. In 
amphibians this organ forms a free lobulated projection into the peritoneal cavity, 

being united to the 
tissue at the back of the 
abdomen by a narrow 
pedicle. Adipose tissue 
is seen filling up the 
furrows on the surface 
of the heart, and 
imbedding the vessels 
of that organ which run 
beneath its serous cover- 
ing ; and in various 
other situations it is 
deposited beneath the 
serous membranes, or is 
collected between their 
folds, as in the mesen- 
-• tery and omentum, 

generally at first gathering along the course of the blood-vessels and at length 
accumulating very copiously. Collections of fat are also common round the 
joints, lying on the outer surface of the synovial membrane, and filling up 
inequalities ; in many 
cases lodged in folds of 
the membrane, which 
project into the ar- 
ticular cavity. Lastly, 
the fat exists in large 
quantity in the marrow 
of bones. On the other 
hand, there are some 
parts in which fat is 
never found in the 
healthy condition of the 
body. Thus it does not 
exist in the eyelids and 
penis, nor in the lungs 
except near their roots, 
nor within the cavity of 
the cranium. 

structure. — When b., 

subjected to tlie micro- represented in the preceding figure. (Schiifer.) Highly 
scope, adipose tissue is luagnified. 


seen to consist of small fat-globule distending a fat-cell; n, nucleus; w, membranous 

• 1 ^ fill ‘fl envelope of the fat-cell; r r, bunch of crystals within a fat-cell; 

vesicles, nilea Wltll an c, capillary vessel ; i», venule ; c.f., connective-tissue cell; the fibres 
oily matter, and for the connective tissue are not represented. 

most part lodged in the 

j^eshes of areolar tissue. The vesicles are most commonly collected into 
lobular clusters (fig. 206), and these again into the little lumps of fat which 
we see with the naked eye, and which in some parts are aggregated into round or 
irregular masses of considerable magnitude. Sometimes the vesicles, though 
grouped together, have I<i6s of a clustered arrangement ; as when they collect 




Fat-cells in omentum of rabbit. Formol; Sudan HI; haematoxylii 
Magnified 60 diameters. (Schafer.) 

The fat-cells are distributed along the course of a small artery and v 


from the same preparation , with surrounding connective 
tissue. Magnified 400 diameters. (Schafer.) 
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alongside of the minute blood-vessels of thin membranous parts (see upper figure 
of accompanying Plate). 


In well-nourished bodies the fat-cells are round 
or oval (fig. 207 and Plate) unless where packed 
closely together, in which case they acquire an 
angular figure, and bear a striking resemblance to 
the parenchymatous tissue of plants. The greater 
number of fat-cells are from *04 mm. to *08 mm. 
in diameter, but many exceed or fall short of this 
measurement. Each one consists of a delicate 
covering (fig. 207, m), enclosing the oily matter {/.^.)* 
It often happens that a part of tiie fatty contents 
solidifies in the cell after death, forming a bunch of 
delicate needle-shaped crystals (cr). 

The covering of the oil-drop is the remains of the 
original protoplasm of the cell : it is generally quite 
transparent and of great tenuity, except in the 
immediate neighbourhood of the nucleus. The latter 
(n) is always present, but is often so flattened out 



by the pressure of the enclosed oil-drop as to be 
visible only with difficulty. ^ The oil-drops are 


Fio. ‘208. — Pat*cell8 from 
YOUNG ANIMAL. Osmic-ocid 


stained black with osmic acid (fig. 208). 


preparation. (Raiivier.) 


Areolar tissue connects and surrounds the larger The drops of fat are stained 

lumps of fat, but forms no special envelope to the amntenseblack. M, nucleus; 

smaller clusters; and although fine fasciuli and 

filaments of that tissue pass irregularly over and through the clusters, yet it is 
probable that the vesicles are held together in these groups largely by the fine 



Flo. 209.~Fat in mesentery of rabbit. (From Prenant, Bouin, and Maillard.) 

V, network of capillary vessels ; fat-globule; n, nucleus of fat-cell ; protoplasmic envelope 

to fat-globule. 

Numerous mast-cells are seen : in some of these there appears to be occurring a deposition of fat. 

network of capillary vessels distributed to them. In the marrow the connective- 
tissue fibres are very fine and take the form of a reticular tissue (fig. 201). 

' Rabl (Arch. f. mikr. Anat. xlvii. 1896) and de Almeida (Anat. Hefte, xii. 1899) have observed fat- 
globules within the nucleus of the fully developed fat-cell. 
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Fio. 210. — Dkpohition op pat in con- 

NECTIVE-TIKHIIK CELLH OK THE NEW- 
BORN UAT. (Schiifer.) 

fy fat-cells ; hy cell containing 
huBmoglobin. 


Adipose tissue is copiously supplied with blood-vessels (fig. 209). The larger 
branches of these pass into the fat-lumps, where they run between the lobules 
and subdivide, till at length a little artery and vein are sent to each small lobule 
(fig. 206, a, v)y dividing into a network of capillary vessels, which pass between the 
vesicles in all directions, supporting and connecting them. The lymphatics of 
the fat are in close relation to the blood-vessels, accompanying and occasionally 
completely enclosing them as they enter the lobule. No sensory nerves seem to 

terminate in this tissue, although its blood- 
vessels receive nerve-fibres, and nerves destined 
for other textures may pass through it. 
Accordingly, it has been observed that, unless 
when such traversing nervous twigs happen to 
be encountered, a puncturing instrument may 
be carried through the adipose tissue without 
occasioning pain. 

Development. — The fat first appears in 
the human embryo about the fourteenth week 
of intra-uterine life. It is deposited in the 
form of minute granules or droplets in certain cells of the connective tissue 
(figs. 210, 211,/, f') ; these droplets increase in size, and eventually run together, 
so as to form one large drop in each cell. By further deposition the cell becomes 
swollen out to a size far beyond that which it possessed originally, and its 
protoplasm remains as a delicate envelope surrounding the fat-drop. By the 
end of the fifth month the fat-cells have largely increased in number, and have 
become collected into small groups. 

The deposit of fat within the cells is preceded and accompanied by the formation 
of a rich network of capillary 
blood-vessels (fig. 211). 

According to E. T. Bell,‘ the 
formation of fat is always 
preceded by the appearance 
of a peculiar open-meshed 
fibrillar connective tissue, 
with branched cells, which 
he terms the ‘ pre-adipose 
tissue.* Fat may be deposited 
in the cells either whilst 
still in the branched con- 
dition or after the branches 
have disappeared and the 
cells have become rounded. 

From the large number 
of basiphil ‘ mast-cells ’ 

(see p. 108) which accumulate 
at places where fat is in 
process of formation, it has 
been thought that these cells are especially concerned in the development of this 
tissue. The appearance of granules, probably of proteid nature, in connective- 
tissue cells prior to the deposition of fat within them was described by Lowe,’ 
and was also noticed in the ninth edition of this work (1882). Poljakoff, in the 
white rat,^ has also described the presence of a large number of granular cells in 



Fig. 211. — Deposition of fat in connective-tissue cells. 

(Schiifer.) 

/, a cell wifcli a few isolated fat-droplets in its protoplasm ; 
/', a cell with a single large and several minute drops ; f\ fusion 
of two large drops; gy granular cell, not yet exhibiting any fat- 
deposition ; cA.y flat connective-tissue corpuscle ; c, c, network 
of capillaries. 


' Amer. Journ. Aiiat. ix. 1901). 


2 Arch. f. Anat. 1878. 


Arch. f. inikr. Anat xxxii. 1888. 
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the situation where fat is being deposited. An actual transformation of the 
protein cell-granules into fat has been more particularly insisted on by Altmann ^ 
and by R. Metziier. ' 

According to Flemming and Hammar, the deposition of fat does not take 
place in the basiphil ‘ mast-cells/ but in ordinary cells of the connective tissue.^ 
It probably occurs both in plasma-cells and in the lamellar cells. G. and 



Fio, 212. — From a section of the intrathoracic adipose tissue of a child aoed 
THREE WEEKS. (H. Batty Shaw.) 

The cells are large, splieroidal and granular, and in many of them the fat is beginning to bo 
formed, and assumes in the prepared section the appearance of clear droplets. Numerous 
bkKxl-vessels containing blood-corpuscles are seen between the developing fat-cells. 


F. E. Hoggan * stated that it may be deposited in wander-cells : this, however, is 
denied by Hammar. 

In some parts — especially in serous membranes such as the mesentery and omentum ’ — 
adipose tissue is preceded by an accumulation of lymphocytes forming masses of lymphoid tissue 
which accompany the blood-vessels. Whether these become actually converted into fixed cells 
and the latter into fat-cells, or whether they gradually disappear and are replaced by fat-forming 
connective- tissue cells, has not been clearly determined, but this last is the conclusion arrived at 
by Klein. Similarly the thymus gland, an organ mainly formed of lymphocytes supported by 

; Arch. f.Anat. 1889. I6id. 1890 

Flemming, Arch. f. miltr. Anat. vii. 1871 ; xii. 1876; Arch. f. Anat. 1879; Hammar, Arch. f. mikr. 
Anat. xlv. 1895. 

* Trans. Roy. Micr. Soc. 1879. The cells which are figured in tliis paper seem, however, to 
correspond with the mast-cells of Ehrlich. 

E. Klein, The Lymidiatic System, vol. i. 1873 
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a reticulum of branched cells, is known to undergo conversion into or, at least, replacement by 
adipose tissue. But here the fat is foi med mainly in the interlobular connective tissue, while the 
thymus lobules themselves undergo atrophy. 

The hypothesis that adipose tissue is a tissue sui generis, and not merely a 
vascular connective tissue in the cells of which fat has become deposited, was 
suggested by Kolliker (in 1856), but was especially urged by Toldt,' who pointed 
out the apparently specific character of the tissue in those situations where, in 
the embryo, fat first becomes visible to the naked eye, as in the region between 
the kidneys, in the groin, and in the axilla. In these and some other places the 
adipose tissue appears as a gland-like vascular mass, which has been termed a 
‘primitive fat-organ ’ or ‘ fat-gland’ (see p. 126).*'^ Its cells, although not yet filled 



FkJ. ‘218. — A LATKU STAGE IN THE DEVELOPMENT OF ADIPOSE TISSUE, FROM A SECTION 
OF THE INTRATHORACIC TISSUE OF A CHILD AGED ELEVEN MONTHS. (H. Batty ShaW.) 

Tho fat-drops now fill most of the cells, but some still contain a number of separate droplets 
and are chiefly comi)osed of granular protoplasm. 


with fat, may contain some fat-droplets ; they are large and spherical or polyhedral, 
with numerous sinus-like blood-vessels between them (fig. 212) ; they may be 
nearly as large as the fully formed fat-cell. Some have a mulberry-like appearance 
due to the fat-drops they contain. As more fat is deposited within them the 
successive drops run together ; a single fat-drop is eventually thereby produced 
in each cell (fig. 213). 

But in most places where adipose tissue is found the fat is deposited in the 
ordinary branched cells of the connective tissue, and blood-vessels are produced 
pari passu with the deposition of fat. This form of adipose tissue never assumes 


' Wiener Sitzungsb. Ixvi. 1S70. 

* In hibernating animals adipose tissue accumulates towards autumn to form a considerable mass 
between the kidneys, which gradually undergoes absorption as the winter months run on, and which 
doubtless serves as a store of fuel for the animal during its winter sleep. This mass is known as the 
‘ hibernating gland.’ For an account of its changes in the hedgehog, see E. W. Carlier, Journ. Anat. 
and Physiol, xxvii. 1895. 
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the gland-like appearance above described, and when the fat is removed by inanition 
the tissue returns to the appearance of ordinary connective tissue. Under like 
circumstances the tissue of the so-called primitive fat-organs merely at first shows 
a loss of the fat within the cells, which become somewhat smaller and protoplasmic, 
but the glandular aspect of the mass of tissue is retained. This form of adipose tissue 
has been studied in its structure, development, and retrogression by Hammar in 
the white rat, in which animal it has a brownish-yellow colour, as compared with 
the white appearance of ordinary fat. Hammar comes to the conclusion that, 
although different in structure and to some extent in development and retrogression, 
it is nevertheless originally formed, like the white fat, from branched mesenchyme 
connective-tissue cells. * 

Borden - finds that tlio gland-like fat- bodies are the sole source of the fat of lower vertebrata, 
but that in mammals this source of formation is superseded in later embryonic life by the 
deposition of fat in ordinary connective-tissue cells. 

It is well known that fat may be deposited in many cells besides those of adipose tissue. 
Thus it is frequently seen in cartilage-cells — sometimes in considerable amount — in liver-cells, 
especially during fat-absorption from the intestine, in epithelium in many situations, and in 
muscle-fibres. In epithelium, cartilage, and muscle, the fat-deposits appear to be independent 
of the condition of nutrition of the animal,* whereas in adipose tissue, especially in the ordinary 
vaiiety such as is met with most abundantly under the skin, the amount of the tissue fluctuates, 
as is well known, with the nutritional conditions of the body generally. 

Other special varieties of connective tissue. — Certain other kinds of connective tissue 
were formerly described under the heads of basement’inembranes and jelly-like connective tissue. 
The latter is, however, only represented in the adult by the vitreous humour of the eye, and it is 
by no means certain that this is a true connective tissue (see p. 121). The name has also been 
given to the embryonic tissue which is found in the umbilical cord, where it forms what is known 
as Whartoii's jelly. All forms of connective tissue, however, pass through this jelly-like stage, 
with their cells connected by branches and with the intercellular substance of a fluid or semi-fluid 
consistence, and containing relatively few fibres. If the vitreous humour is a connective 
tissue it is one which contains no fixed connective-tissue cells and few, if any, collagenous fibres. 

Basement-membrayies, which are found at the surfaces of connective tissue and are often covered 
by epithelium, cannot be said to form a definite tissue. They are of different nature indifferent 
situations, being sometimes merely a layer of endothelial connective-tissue cells ; sometimes a 
stratum of ground-substance which is imperfectly fibrillated {e.g. the membrane of Bowman of 
the cornea), sometimes of the nature of modified elastic substance {e.g. the membrane of Descemet 
of the cornea ■’), and sometimes a cond( n.sation of the reticular tissue of a mucous membrane 
or glandular organ. 

^ Hammar, Arch. f. rnikr. Anat. xlv. 1895. See also on this subject, H. Batty Shaw, Journ. Anat. 
and Physiol, xxxvi. 1901. In both these papers an account of tlie literature will be found. 

^ New York Med. Jouni. 1894. 

^ Sometimes the fat-like drops which occur in these situations are of lipoid character and not 
true fats. 

^ E. T. Bell, og). cit. 

^ It is possible, however, that this is a cuticular formatiou produced by the adjacent cells 
(W. Fritz, Wien. Akad. Anz. 1900). 
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CARTILAGE. 

This is the well-known substance commonly called ‘ gristle.' When in mass, 
it is opaque and of a pearly or bluish-white colour, in some varieties yellow ; in 
thin slices it is translucent. Although it can be easily cut with a sharp knife, it 
is nevertheless of very firm consistence, but at the same time highly elastic, so that 
it readily yields to pressure or torsion, and immediately recovers its original shape 
when the constraining force is withdrawn. By reason of these mechanical 
properties, it serves important purposes in the construction of some parts of the 
body. 

In the early embryo the skeleton is, in great part, cartilaginous ; but the cartilage forming 
its different pieces, which have the outward form of the future bones, in duo time undergoes 
ossification or gives place to bone, in the greater part of its extent at least, hence this variety of 
cartilage is named ‘ temporary ’ or ‘ footal.’ 

Of the pcirrnanont cartilages a great many are in immediate connexion with bone, and may 
be still said to form part of the skeleton. The chief of those are the articular and the costal 
cartilages ; the former cover the ends or surfaces of bones in the joints, and afford these harder 
parts a thick springy coating, which breaks the force of concussion and gives ease to their motions ; 

the costal or rib cartilages form a 
considerable part of the solid frame- 
work of the thorax, and impart 
elasticity to its walls. Other per- 
manent cartilages enter into the 
formation of the external ear, the 
nose, the Eustachian tube, the larynx, 
and the windi)ipe. They strengthen 
the substance of these parts without 
undue rigidity ; maintaining their 
shape, keeping open the passages 
through them where such exist, and 
giving attachment to moving muscles 
and connecting ligaments. 

Cartilages, except those of 
the joints, are covered externally 
with a moderately vascular 
fibrous membrane named the 
'perichondrium. 

When a very thin slice of 
cartilage is examined with the 
microscope, it is seen to consist 
of cells, disseminated in a solid 
(jround-suhstance or matrix 
(fig. 214). The matrix is trans- 
parent, and to all appearance 
homogeneous ; sometimes dim 
and either indistinctly fibrous 
or faintly granular, like ground 
glass : both these conditions 
occur in hyaline cartilage, which 
may be regarded as the typical form of the tissue. Two other varieties exist in 
which the matrix is pervaded to a greater or less extent by distinct fibres. 
In the one, named elastic or yellow fibro-cartilage, the fibres are similar to those 
of elastic tissue ; in the other, named white fibro-cartilage, they are of the white 
kind as in ordinary ligament. 



Fici. 214. — Artk’ULau cartilage from head of 
METATARSAL HONE OF MAN. (Osiilic acid pre- 
paration.) The cell-bodies entirely fill 
THE SPACES IN THE MATRIX (Scllafer.j 

840 diameters. 

a, group of two cells ; b, group of four cells ; 
h, protoplasm of cell, with g, fatty granules ; n, nucleus. 
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OKOUr OK CAHTlL.UiK-CKLi.S 
sno\VlN(i THE CArsrEAR orTMNES IN 
THE M.VTUIX 8 UUHoUND!N 0 THE OUOUi'. 
(Kiuivier.) 

H, nuclooIiiB ; 6, hxicIouh ; r, oytopJnf^in 
of a cell; f/, capBular in |H‘nceUuiar 
matrix; f, fil>rils in oartilago matrix. 


’215. — A CAUTlLAtfE-CELr. 
IN THE ElVlNXi STATE, EKt>M 
THE SU.AXJANDEit. (Fleill- 
ming. I Highly nuignihiMl. 


Hyalin# eartlla^© i structure,— In liyalme cartilage the matrix, m just, 
a jh'd, G aiiiiorrH, aiul, when examined fre^h, usually appears fir*- hia;'. 
li!k»: tia* aixHimi-suUsta.nco of connective tissue, it becomes sfainrd brnu r; bx Hi: iai.o 
and sub.sefpient exposure to the 
ligiit - TtM‘ ceils minsist of a rounded, ova b 
or immtiy angular cc//d>Ofb/ of translucent: 
poUMfsIa^m, imbctbbal in which ma.}' 



^ Fleiiiiaiiig, Art4i, f. iiiikr. Aimt. xvL 1878, and ZtllbiWn»g, K'erii, ii. Zi*llf.lifaliing, l^Hi 

S, I mv.,hhm 1, \n/.. KXX. r.MG. 

• /-■It- ill i I \ Cl-UMHie, sii. 1888, 


sometimes be seen fine curvilinear interlacing filamontB and minute granules ^ 
(tig, 215 ), sonietimcH fat-droplets. Each cell has a spheroidal nitehmSf with one or 
more nmleoU ; the nucleus is occupied by a network of chronnitin, which produces 
inider a low power of the 
nucrosoope a granular effect. 

The cell-body lies ifi a cavity 
of: tile matrix, which, in its 
natural condition, it entirely 
fills. This cavity is bounded 
and enclosed by a trans- 
parent rv/p'xa/c, wijicli is 
seldom oi)vioiis to the eye, 
for it coheres mtiniately with 
the. HiHToundiue: matrix, with 
wfiioh it agrce.s in nature, and 
cammt usually be distin- 
guished without the aid of 
reagents. But sometimes llie 
capsule which, is the most 
newly formed part of tiie 
matrix is (piite tlistinct, and 
there mav further seen 
surrouiuling tin? cells and 

ceibej'ccups a serines of outlines which nuirk successive stages iu Ilia {orumtson 
cartil.ije-matrix (tig. 2 lb). It is also found that the ])art of the tuatrix eha b 
nor*' iiouoaliatciy .■surrounds the cells and celbgroups is apt to iM’eoiut* s'ld-iiHA-il 
by iKi.-ugtu! stains much, more deepdy than the rest of the mat rlx. Tiie giMup-- t b-n 
Hpp^'M brib*Thb>d in ghdmia-r masses of darkly stained matrix (fie, 2 iV). Ti!« a' 
bum Uh' u.-tMiled ' chondrin-baiis ' of Mbrnerb*^ 


Fke 217. — Hectio.n of joh cAuruHOF, ''latM'.a w n a 
ff.EMAToxvLiN, saovax(i 'nn, MAfiux Aiiorso loi-, 
CKt.LS 4NJ> THE CEIJ.-OUuUKH AtOlu: f)EEl*l V <■•«}. iti UEU^ 
THA.N ‘i'HE ItKXMlSOKR. ( Rcll a' fcH ! 2^0 

d 5 -ani tr'lt;’ f B. P ho tiO>? raph . 
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By exposure to water and some other liquids, as well as to the action of electric 
shocks, the cell-body shrinks away from the inside of the capsule, and assumes a 
jagged or otherwise irregular figure, and then may hide the nucleus. 

The cells of cai-tilage often contain glycogen, and are coloured reddish-brown 
by iodine (Neumann). ‘ 

They are rarely dispersed singly in the matrix, most commonly occurring 
in groups of two or more. When disposed in pairs (as at a, fig. 214) the cells are 
generally triangular or pyramidal in form with rounded angles, and with their 
bases opposite one another ; in the larger groups (h) the cells have a straight outline 
where they adjoin or approach one another, but at the circumference of the group 
their outline is rounded. Towards the surface of the cartilage the groups are 



Pio. 218. — Vehtical section of articular cartilage covering the lower end of the 
TIBIA (human). (Schafer.) Magnified about 30 diameters. 

(tj cells and cell-groups flattened conformably with the surface ; 6, cell-groups irregularly 
arranged ; c, cell-groups disposed perpendicularly to the surface ; layer of calcified cartilage ; 
bone. 


generally flattened conformably with the surface, appearing narrow and almost 
linear when seen edgeways, as in a perpendicular section (fig. 218, a). 

Various observers have shown that the matrix of hyaline cartilage can be broken 
up after long maceration, and with the aid of pressure, into fine fibrils. These 
fibres are vertical to the surface in articular cartilage, and parallel with the long 
axis in rib cartilage (Cress\yell Baber).’^ They are more easily seen in the cartilage 
of birds than of mammals. Their chemical nature is not very clear, nor is it certain 
how far the appearances correspond with any structure naturally present ; but 
since gelatin and mucin can be obtained from the matrix of cartilage, the fibres 
in question may be chemically of the same nature as the white fibres of con- 
nective tissue, the mucin belonging to the ground-substance in which they are 
imbedded. 

Other histologists have described a network of fine ramified canals penetrating the cartilage- 
matrix, and effecting a communication between the cell-spaces. Up to the present time, however, 
the existence of such anastomosing channels has not been conclusively proved, although often 

^ ArvJi. f. luikr. Anat. xiv. 1877 and xvi. 1878. 

* Joum. Anat. and Physiol, x. 181)5. 
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assumed in order to explain the manner in which nutritive plasma penetrates the matrix of 
cartilage to reach the cells. Budge ‘ endeavoured to demonstrate the existence of canaliculi 
by forcing coloured injecting fluid into the substance of cartilage, but the result of the experiment 
was not conclusive. It has also been attempted to show them by the so-called natural method 
of injection, that is by allowing indigo-carmine (which has an intensely blue colour) to mix 
with the circulating blood of animals, which after a time are killed and the cartilages examined. 
Proceeding in this way, L. Gerlach “ was unable to see any blue channels in the cartilage-matrix, 
while J. Arnold ^ obtained results from which he was led to infer the existence of minute cleft-like 
spaces throughout the matrix, connected by fine radiating canaliculi on the one hand with the 
lymphatics in the perichondrium, and on the other hand with the cell-spaces of the cartilage. 

In the cartilage of Cephalopods the cells are branched, and intercommunicate by their 
branches. 

Such is the structure of hyaline cartilage in general, but it is somewhat modified 
in different situations. 

In articular cartilagre the matrix in a thin section appears dim, like 
ground glass, having sometimes an almost granular aspect. The cells and cell- 
groups are smaller and more evenly dispersed, as a rule, than in rib cartilage. 
As already mentioned, the groups are ^ flattened at and near to the surface, and 
lie parallel with it (fig. 218, a ) ; 
deeper and nearer the bone, on the 
other hand, they are narrow and 
oblong, like short irregular strings 
of beads, and are mostly directed 
vertically (fig. 218, c). It is well 
known that articular cartilages 
readily break in a direction per- 
pendicular to their surface, and the 
surface of the fracture appears to 
the naked eye to be striated in 
the same direction, as if they had 
a columnar structure ; this may 
either be due to the vertical arrange- 
ment of the rows of cells, or to the 
substance of the matrix being dis- 
posed in a fibrous or columnar 
manner (Leidy). 

Near the margin of the articular cartilages connective tissue is prolonged a 
certain way into them from the periosteum and synovial membrane, and the 
cartilage-cells acquire processes and present transitions to the connective-tissue 
corpuscles of that membrane (fig. 219). There is no sharp demarcation between 
the two tissues, which here pass continuously into one another. Except at this 
transitional zone the matrix of articular cartilage rarely becomes converted into 
fibro-cartilage, nor is it prone to ossify like rib-cartilage. But a deposit of calcareous 
granules may occur in the deeper parts of the articular cartilage near the bone, 
the deposit first showing itself around the groups of cartilage-cells (fig. 218, d). 
This change may also happen at the symphyses. When the earthy matter is 
extracted by means of an acid, the tissue which remains has all the characters 
of cartilage. * 

In the costal cartllagres, the cells, which are of considerable size, are also 
collected in groups, larger for the most part than those found in articular cartilage 
(figs. 217, 220). Near the exterior of the cartilage they are flattened, and lie parallel 

^ Arch. f. rnikr. Anat. xiv. and xvi. ^ Verhalten d. IndigBchwefelnatrous, &c. Erlangen, 1876. 

5 Virch. Arch. Ixviii. 1876 and Ixxiii. 1878. 

** See on the structure of articular cartilage, J. A. Hammar, Arch. f. mikr. Anat. xliii. 1894. 
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Fl(i. 219 .— BoRDKR of AKTICULAK CAKTILAUE SHOWING 
TRANSITION OF CARTILAOK-CELLS INTO CONNECTIVE- 
TISSUE CORPUSCLES. From head of metatarsal 
BONE (human). (Schafer.) About 840 diameters. 

rt, ordinary cartilage- cells ; 6, with branching 
processes. 
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with the surface. As to those situated more inwardly, we can sometimes observe, 
in a transverse slice, that they form oblong groups disposed in lines radiating to 
the circumference ; but this arrangement is not constant, and they often appear 
quite irregular. The cells, with the exception of those lying upon the surface, 
frequently contain drops of oil, the nucleus being often altogether concealed by 
the fat. The matrix is clear, except where the fibres have been developed in it, 
in which parts it is opaque and yellowish. Such fibrous patches are very frequent 
in rib cartilages; the fibres are fine, straight, and parallel, appearing transparent 
when few together. Besides these fibrous patches in the interior of the rib cartilages, 
the subperichondral layer is also pervaded by bundles of fibres which are directly 
prolonged from the fibre-bundles of the perichondrium and gradually lose them- 
selves in the cartilage matrix. There is in fact no sharp line of demarcation 
between the perichondrium and the subjacent cartilage, the one tissue passing by 
imperceptible gradation into the other. There is indeed reason to believe that the 
superficial layers of the cartilage are formed by a transformation of the fibrous 



Fio. 220. — From a section of costal cartilage from the calf. Chromic acid 
preparation. (Schafer.) 

The matrix is indistinctly fibrous. Two or tliroo empty cell-spaces are seen in the section, the 
cells having dropped out. The cell-protoplasm has a reticular ai)pearance. 

tissue of the perichondrium during the growth of cartilage. It is not uncommon 
to find the rib cartilages extensively ossified. 

The description given of the microscopic characters of the costal cartilages 
will apply with little variation to the ensiform cartilage of the sternum, to the 
cartilages of the larynx and windpipe, except the epiglottis and cornicula laryngis, 
and to the cartilages of the nose. With the exception of the last, these resemble 
the rib-cartilages also in their tendency to ossify. 

The characters of the temporary cartilages, which are hyaline, will be noticed 
in the account of the formation of bone. 

Blastio or yellow cartilagre. — The epiglottis and cornicula of the larynx, 
the cartilages of the ear and of the Eustachian tube, are formed of ‘ elastic ' or 
‘ yellow ' cartilage. This is opaque and yellowish, more flexible and tough than 
ordinary cartilage, and having little or no tendency to ossify. It is made up of 
cells and a matrix, but the latter is everywhere pervaded with fibres (fig. 221), 
except in a small area or narrow zone left round each of the cells. The fibres 
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resist the action of acetic acid ; they are in many parts short, fine, and confusedly 
intersecting each other in all directions ; in such parts the matrix has a rough 
indistinctly granular look, 
but sometimes this appear- 
ance is due to the fact that 
the elastic fibres are in- 
completely developed, the 
granules which are to form 
them having not yet run 
together into fibres. Some- 
times the fibres are longer 
and larger (fig. 222), but 
they still intercommuni- 
cate at short distances. 

In large animals such 
as the ox, where the fibres 
of ordinary elastic tissue 
attain a considerable size, 
those of elastic cartilage 
are also very large with 
comparatively wide 
meshes, occupied of course 
by the ground-substance 
and cartilage-cells. 

White fibre- cartilagre. — This is a substance consisting of a mixture of 
fibrous and cartilaginous tissues, and so far partaking of the qualities of both. 



Fio. 221.— Section of elastic cartilage of ear (man). 
(Sobotta.) Magnified 280 diameterw. 

r, cartilage-cells ; cap, capsules ; clear matrix around cells ; 
/, elastic fibres, stained. 



Fio. 222.— Section of elastic cartilage (uppeu part of arytenoii) of iai.f) stained 
WITH MAGENTA. Pliotograpli. (Scliafer.) Magnified 200 diameters. 

The elastin is seen partly in the form of a feltwork of fine fibrils, partly as distinct fine and 
coarse intercommunicating fibres. These are nowhere in contact with the cartilage-cclls, which 
are surrounded by clear cartilage-matrix. At most parts of the section the cells have dropped 
out, but two or three are seen near the bottom of the figure, still in situ. 


Like hyaline cartilage, it possesses firmness and elasticity, but these properties 
are united with a much greater degree of flexibility and toughness. 
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White tibro-cartilage occurs in various situations as follows : 

1. Forrniwj interarticular discs. These are interposed between the moving surfaces of 
bones, or rather of articular cartilages, in several of the joints. In the joint of the lower jaw 
and in that of the clavicle they have the form of round or oval plates, growing thinner towards 
the centre ; in the knee-joint they are curved in form of a sickle, and thinned away towards 
their concave free edge. In all cases their surfaces are free ; while they are fixed by synovial 
or fibrous membrane at their circumference or extremities. The synovial membrane of the joint 
is prolonged for a short distance upon these tibro-cartilages, from their attached margin.' 

2. As marginal fihro-cmtilages. The articular cavities of bones are sometimes deepened and 
extended by means of a rim or border of fibro-cartilagc. Good examples of those are seen in 
the shoulder and hip-joints, attached round the lip of the articular sockets. In the joint of the 
lower jaw, the cartilage lining the glenoid cavity is also largely fibrous. 

3. As symphysial fihro-cartilages. These connect the adjacent surfaces of bones in joints which 
do not admit of gliding motion, as at the symphysis of the pubis and between the bodies of the 
vertebr®. They have the general form of discs, and between the vertebrae are composed of 
concentric rings of fibrous tissue with cartilage-cells and matrix interposed ; the fibrous tissue 
predominating at the circumference, the cartilaginous tissue increasing towards the centre. 



‘J*23. — SkCTION of FIllIlO-CAllTlLAOi:: IKu..: 

Photograph. (Schafer.) Magnified 200 diameters. 

4. .15 vaginal /i^>ro~cartilagcs lining the bony grooves in which tendons of muscles glide. 

6. Forming small nodules {sesamoid fibro-cartilages) in the substance of tendons, of which 
there is an example in the tendon of the peroneus longus, and another in that of the tibialis 
posticus, where it passes beneath the head of the astragalus. 

White libro-cartilage appears under the microscope to be made up of wavy 
fibres, like those of ordinary ligament, with cartilage-cells occupying the place, 
and often simulating the arrangement, of the tendon-cells. As in elastic fibro- 
cartilage, the cells are immediately surrounded by a part of the matrix which is 
free from fibres (fig. 223). As a general rule they resemble the cells of ordinary 
cartilage, having a rounded shape, although somewhat flattened where the bundles 
of fibres are closely packed. 

In the intervertebral fibro-cartilages, some of the cartilage-cells are provided 
with ramified processes extending some distance beyond the cell-body (fig. 224). 

^ It has been stated by several authors that the interarticular discs are formed of fibrous tissue 
only, without any intermixture with cartilage. This statement is, however, incorrect. In all cases 
(jaw, clavicle, and knee) there are unmistakable rows and groups of cartilage-cells enclosed in capsules 
between the bundles of white fibres 
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The proportion which the fibrous bundles bear to the true cartilage differs 
much in different examples of this tissue. In general the fibrous tissue very greatly 
predominates, and in some cases, as in the interarticular lamina^ of the knee-joint, 
it constitutes almost the entire structure, but cartilaginous tissue with characteristic 
cells predominates near the surfaces. In the intervertebral discs the cartilage- 
corpuscles are, as already stated, more abundant towards the central pulp than 
near the periphery. The centre of the pulp itself does not, however, contain 
cartilage-cells, but a reticulated cell-structure imbedded in soft matrix, derived 
from the cells of the chorda dorsalis of the embryo. In all the symphyses the 
cartilage which is in immediate contiguity with the bony surfaces is hyaline. 

Vessels and nerves of cartilagre. — In the healthy state, no blood-vessels 
penetrate the articular cartilages. Whatever nutrient fluid they require seems 
to be derived from the vessels of adjoining textures, especially the bone, and to be 
conveyed through the tissue by imbibition. Towards the circumference of the 



Fig. 224. — White FiBRo-cAKTiLA<iE from an intervertebral dihc (human.) 
(Schafer.) Highly magnified. 


The concentric linea around the cells indicate the limits of deposit of successive capsules. 
One of the cells has a forked process which extends beyond the hyaline area surrounding the 
cell, amongst the fibres of the general matrix. 


cartilage, however, underneath the synovial membrane, the synovial vessels form 
a narrow vascular border round it, which has been named the circulus articuli 
vasculosus. 

When the tissue exists in thicker masses, as in the cartilages of the ribs, canals 
are here and there excavated in its substance, along which vessels are conducted 
for the nourishment of the parts too distant to receive it from the vessels of the 
perichondrium. But these canals are few and wide apart, and the vessels do not 
pass beyond them to ramify in the intermediate mass, which is accordingly quite 
extravascular. Besides blood-vessels these canals usually contain a number of 
cells resembling leucocytes, a few connective-tissue corpuscles, and in places 
some connective-tissue fibres. The contents of the canals are sometimes spoken 
of as ‘ cartilage-marrow.’ The cartilage-cells in the immediate neighbourhood of 
the canals are disposed as at the surface of the cartilage — i.e, they are flattened 
conformably to the wall of the canal. 

No nerves have been traced into any of the cartilages, and they are known to 
be destitute of sensibility. 

DEVELOPMENT OP CARTILAGE. 

The parts of the embryo which are to become cartilages are made up at first 
of the common mesenchyme-cells from which the connective tissues generally 
originate. After a time the cell-contents become clearer, the nucleus more distinct, 
and the cells, mostly of polygonal outline, appear surrounded by clear lines of 
pellucid substance, forming as it were a network of bright meshes enclosing them, 
but in reality consisting of the cohering capsules of the contiguous cells, and 
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constituting all that exists of the matrix at this time.* Glycogen appears at an 
early period in the protoplasm of cartilage-cells. Rouget found it in the sheep^s 
embryo of two months, both in ossifying cartilage and in the cartilages of the trachea. 

The subsequent changes consist in enlargement and multiplication of the cells 
and development of the intermediate matrix from a substance which is formed 
around and between them. The process appears to be as follows (fig. 225) : The 
cartilage-cells first divide, a species of capsule being formed round each of the 
young cells (b), whilst the old one enclosing them becomes blended with the inter- 
cellular matrix, and, after a time, is no longer traceable (c). The new cells, in 
turn, divide in the same way, so as to make a group of four, each of which is 
surrounded by its own capsule (d), whilst the capsules of the first descent (secondary) 
blend with the matrix (e) like their predecessor. 

The four cells may each form a succession of capsules and thus become more 
separated from one another, or they may divide again and form a group of eight 
or more. It is by reason of the cells remaining in contiguity with one another 
after the division is complete that the groups of corpuscles which are so characteristic 
of cartilage are produced. 

How the capsule is produced has been a subject of much discussion : whether 
excreted by the cell which it afterwards encloses, as held by Kolliker ; or formed 


A c 1) K 



Fio. ‘225. -1 ’LAN OF TIIK MULTIPLICATION OK CULLS OF CAKTILAOF. (Shai'pey .) 

A, cell ill its capsule ; B, divided into two, eacli with a capsule; C, primary capsule dis- 
appeared, secondary capsules cohonmt with matrix; D, tertiary division; E, secondary 
ca])sules disappeared, tertiary coherent with matrix. 

by conversion of a superficial layer of the protoplasm of the cell-body, as was taught 
by Max Schvdtze. The problem is of the same nature as that involved in the forma- 
tion of the intercellular substance of connective tissue (p. 117) and of bone (p. 158). 
The probability is that the capsule is formed external to the cartilage-cell by a 
process of secretion. If it were produced by an immediate transformation of the 
protoplasm, we should find cells in which this transformation has only proceeded 
a certain way, but this is not the case. However formed, there is at first no matrix 
but what is made up of the simple capsules. 

In further growth there is a difference, according as the cells do or do not 
undergo frequent division. In the latter case a cell (or, it may be, a small cell- 
group) becomes surrounded by many concentric capsules formed in succession ; 
that is, the first capsule is expanded, and the others formed each within its expanding 
predecessor, so that the cartilage comes to consist of scattered cells, each with a 
concentric system of capsules, which by means of reagents may be rendered visible 
in the neighbourhood of the cells, but farther off are inseparably blended into 
a uniform substance. When, on the other hand, the cells have a tendency to 
frequent subdivision, the new capsules are produced by the daughter-cells, and 

’ Cartilages which retain this condition throughout life have been termed ‘ parenchymatous.’ An 
example of this is found in the cartilage of the mouBe's ear. 
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are included in and finally blend with those which had belonged to the 
mother-cells. 

The matrix, although thus formed of the capsules, usually becomes to all 
appearance homogeneous ; but in sections of cartilage that have been exposed to 
certain reagents, the contour lines of the capsules round cells and cell-groups 
may, as already stated, be more or less distinctly brought into view. 

Division of the cartilage-cell takes place by karyokinesis. Schleicher^ has 
succeeded in following the stages of the process in the living tissue (fig. 226). 

The mode of division of the cytoplasm is different from that which obtains in 
most animal cells, for in place of a constriction appearing and gradually separating 
the protoplasm into two halves from without in, a partition is formed (e), in the 
middle of the now elongated cell, as is commonly the case in the division of 
plant-cells. The septum, as soon as it is broad enough, is seen to consist of two 
layers, which are continuous with the capsules of the two daughter-cells (/). 

In the case of elastic cartilage the matrix is at first hyaline, and the elastic 
fibres are subsequently produced in it. They appear in the form of fine granules 
(termed by Hansen ‘ albumoid ') in parts of the matrix which are in contiguity 



Fi(i. ‘22t!. — Division of a car'I'ILacjk-ckll. (Schleicher.) 

(i-h, stagc.s of division of a cell, as seen in the living cartilage of the salamander (the 
chromosomes are only indistinctly seen in the fresh condition), n, 6, stellate phase; c, r/, com- 
mencing separation of the cliromosomes ; the further stages of separation are not represented ; 
e, filaments fully separated into two groups, and a s<*ptum beginning to be formed between 
them ; /, septum completed, seen to be double and continuous with capsules of daughter-cells; 
< 7 , /i, further stages in the formation of the daughter-nuclei. 


with the cartilage-cells, but extend into other parts which are quite remote from 
the cells, around which clear matrix becomes subsequently formed. In the 
cartilage of the external ear in man this change occurs about the fifth month 
of intra-uterine life, commencing in the more central parts, and gradually 
extending outwards towards the perichondrium. The elastic fibres have been 
stated to be formed directly from the protoplasm of the cartilage-cells,’-^ but their 
formation apart from the cells can be easily verified in the arytenoid cartilage of 
the calf. 

The mode of development of white fibro-cartilage has not been fully ascertained , 
but it is stated that the fibres are formed at the same time as the matrix, instead 
of subsequently as in the case of elastic cartilage. 

The vital changes which occur in cartilage appear to be sluggish, and when a portion is 
absorbed in disease or removed by the knife, it is regenerated very slowly. A wound in cartilage 
id usually at first healed by connective tissue, which becomes gradually transformed into hyaline 

Arch. f. mikr. Auat. xvi. 1878. 

^ O. Hertwig, Arch. f. mikr. Anat. ix. 1872 ; L. Gerlach. Morph. Jahrb. iv. Suppl. 1877. 
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cartilage. The reappearance of the latter seems, however, to depend upon the presence of the 
perichondrium, this membrane fulfilling similar functions in the regeneration of cartilage to those 
of the periosteum in the regeneration of bone. Schwalbe found that the cartilage of the rabbit’s 
ear grows only by apposition at its margins and surfaces, and not interstitially ; but it is certain 
that the temporary cartilages grow in the manner last mentioned. 

Probably the rib cartilages grow in two ways — viz. : (1) by interstitial expansion accompanied 
by multiplication of the cells and increase of the matrix ; (2) by apposition, fresh cartilage being 
formed under the perichondrium by transformation of its fibrous tissue into cartilage (metaplastio 
formation). 

When a cartilage is fractured, as sometimes happens with the rib-cartilages, the broken 
surfaces become connected by fibrous or areolar tissue, especially dense at their circumference, 
and often later by a bony clasp.' 


BONE OR OSSEOUS TISSUE. 

The bones are the principal organs of support, and the passive instruments of 
locomotion. Connected together in the skeleton, they form a framework of hard 
material, which affords attachment to the soft parts, maintains them in their due 
position, and shelters such as are of delicate structure, giving stability to the 
whole fabric, and preserving its shape ; and the different pieces of the skeleton 
being joined movcably together, serve also as levers for executing the movements 
of the body. 

While substantially consisting of hard matter, bones in the living body are 
covered with periosteum and filled with marrow ; they are also pervaded by blood- 
vessels for their nutrition. 

Bone has a white colour, with a pink and slightly bluish tint in the living body. 
Its hardness is well known ; it also possesses a certain degree of toughness and 
elasticity ; the last property is peculiarly well marked in the ribs. Its specific 
gravity is from 1*87 to 1*97. 

Ohemloal composition. — Bone consists of an earthy and an animal part, 
intimately commingled ; the former gives hardness and rigidity, the latter tenacity 
and elasticity to the osseous tissue. 

The earthy part may be obtained separate by calcination. When a bone is 
burned in an open fire, it first becomes quite black, like a piece of burnt wood, 
from the charring of its animal matter ; but if the fire be continued with free 
access of air, this matter is entirely consumed, and the bone is reduced to a white, 
brittle, chalk-like substance, still preserving its original shape, but with the loss of 
about a third of its weight. ^ The earthy constituent, therefore, amounts to about 
two-thirds of the weight of the bone. It consists principally of phosphate of 
lime, with about a fifth part of carbonate of lime, and much smaller proportions 
of fluoride of calcium, chloride of sodium, and magnesium salts. The fluoride of 
calcium occurs in larger quantity in fossil than in recent bones. 

The animal constituent may be freed from the earthy by steeping a bone in 
dilute mineral acid. By this process the salts of lime are dissolved out, and a 
tough flexible substance remains, which, like the earthy part, retains the perfect 
figure of the original bone in its minutest details ; so that the two are evidently 
combined in the most intimate manner. The animal part has been termed the 

1 The following, benidea the papers already referred to, deal with the structure and development of 
cartilage : G. Retziua, Nord. med. Ark. 1872 ; Ogston, Journ. Anat. and Physiol, x. 1875 ; C. Reyher, 
Joum. Anat. and Physiol, viii. 1874 ; A. Vogel, Die Saftbahnen dea Hyalinknorpels, Dies., Bern, 
1888; E. Zuckerkandl, Sitzungsb. der Wiener Akad. xci. 1885; A. Spina, Wiener med. Jahrb. 1886; 
R. Kolater, Arch. f. mikr. Anat. xxix. 1887 ; C. H. H. Spronck, ‘ Zur Kenntniss der Structur des 
Hyalinknorpels,’ Anat. Anz. 1887 ; B. Solger, Arch. f. mikr. Anat. xxxi. 1888, and xxxiv. 1889 ; 
Ranvier, Traitei technique d’histologie, 1889 ; H. Apolaut, Ueber Faserknorpel, Dies., Berlin, 1890 ; 
O. Van der Stricht, Archives de biologie, vii. 1887 and ix. 1890; Hansen, Anat. Hefte, xxvii. 1905. 

* In the compact substance of a femur that had been long buried, Aeby found only 16'6 per cent, of 
animal matter ; but oven fossil bones may contain a very appreciable amount of organic substance. 
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cartilage of bone, but improperly, for it differs entirely from cartilage in structure, 
as well as in physical properties and chemical nature. It is much softer and much 
more flexible, and, by boiling, it is almost wholly resolved into gelatin, which may 
be extracted from bones, in form of a jelly, by boiling them for a considerable 
time ; the animal matter of bone is therefore composed, like fibrous and areolar 
tissue, of collagen. 

The lining membranes of the Haversian canals and the walls of the lacunae are 
formed of a material which resists the action of strong hydrochloric acid, which 
dissolves the remainder of the animal matter. 

Minute structure of bone. — On sawing up a bone, it will be seen that it 
is in some parts dense and close in texture, appearing like ivory ; in others, 



Fig. 227 .— Longitudinal section through the upper end of the femur, showing the 

CANCELLOUS STRUCTURE OP THE HEAD AND THE COMPACT SUBSTANCE OP THE SHAFT. 
(From a photograph by Professor Robinson.) 

The lines taken by the trabeculne of the spongy substance — which are those best calculated 
to resist pressure on the articular surface — are well shown in this photograph. 


open and reticular (fig. 227) ; and anatomists accordingly distinguish two forms 
of osseous tissue — viz. the comfort, and the spongy or cancellated. On closer 
examination, however, especially with the aid of a magnifying-glass, it will be 
found that the bony matter is everywhere porous in a greater or less degree, 
and that the difference between the two varieties of tissue depends on the 
different amount of solid matter compared with the size and number of the open 
spaces in each ; the cavities being very small in the compact parts of the bone, 
with much dense matter between them ; whilst in the cancellated texture the 
spaces are large, and the intervening bony partitions thin and slender. There is, 
accordingly, no abrupt limit between the two — they pass into one another by 
degrees, the cavities of the compact tissue widening out, and the reticulations 
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of the cancellated becoming closer as they approach the parts where the transition 
between the two takes place. 

In all bones, the part next the surface consists of compact substance, which forms an outer 
shell or crust, whilst the spongy texture is contained within. In a long bone, the large round 
ends are made up of spongy tissue, with only a thin coating of compact substance (fig. 227) ; 
in the hollow shaft, on the other hand, the spongy texture is scanty, and the sides are chiefly 
formed of compact bone, which increases in thickness from the extremities towards the middle, 
at which point the girth of the bone is least, and the strain on it greatest. In tabular bones, 
such as those of the skull, the compact tissue forms two plates, or tables, as they are called, 
enclosing between them the spongy texture, which in such bones is usually named dipldtu The 
short bones, like the ends of the long, are spongy throughout, save at their surface, where there 
is a thin crust of compact substance. In the complex or mixe3d bones, such as the vertebrae, the 



Fkj. 228. — A. Tuansverse section of a bone (ulna) deprived of its earth by acid. 

(Sluirpey.) 

Tlic openings of the Haversian canals are seen. Natural size. A small portion is shaded to 
indicate the part magnified in B. 

B. Part of the Section A, magnified 20 diameters. 

The lines indicating tlie concentric lainellte are seen, and among them the lacuine appear as 

little dark specks. 

two substances have the same general relation to each other ; but the relative amount of each 
in different parts, as well as their special arrangement in particular instances, is very various. 

On close inspection the cancellated texture of bone is seen to be formed of 
slender bars or spicules and thin lamellae, which meet together and join in a reticular 
manner, producing an open structure which has been compared to lattice-work 
(cancelU) ; hence the name usually applied to it. In this way considerable 
strength is attained without undue weight, and it may usually be observed that 
the strongest laminm run through the structure in those directions in which the 
bone has naturally to sustain the greatest pressure (fig. 227).' The open spaces 
or areohe of the bony network communicate freely together ; in the fresh state 
they contain marrow and blood-vessels. 

‘ Oil tlie arcliitecture of spongy bone, see Friedliinder, Anat. Hefte, xxiii. 1904. 
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Haversian canals. — The compact tissue is also full of holes ; these, which 
are very small, may be seen by breaking across the shaft of a long bone near its 
middle and examining it with a common magnifying-glass. Numerous little round 
apertures (fig. 228, a) are then visible on the broken surface, which are the openings 
of short longitudinal passages running in the compact substance, and named the 
Haversian canals, after Clopton Havers, an English physician and writer of the 
seventeenth century, who more especially called attention to them. Blood-vessels 
run in these canals, and the widest of them also contain marrow. They are 
from *025 mm. (loVroth inch) to ‘125 mm. (.rdolh inch) or more in diameter; 
there are some no more than ‘0125 mm., 
but these are rare ; the average are about 
*05 mm. (.-,0 0 111- inch). The wider are met 
with nearest the medullary cavity, and the 
narrower towards the circumference of the 
bone. They are short, as may be seen in a 
longitudinal section, oblique communications 
connecting tliem freely both longitudinally and 
laterally. Those which are next the circum- 
ferencti of the bone open by minute apertures 
on its external surface, and the innermost ones 
open widely into the medullary cavity ; so that 
thes(‘. short channels collectively form a sort of 
irregular network of tubes running through 
the compact tissue, in which the vessels of 
that tissue are lodged, and through the 
medium of which these vessels communicate 
together, not only along the length of the bone, 
but from its surface to the interior through 
the thickness of the shaft. The canals of the 
compact tissue in the other classes of bones 
have the same general characters, and for the 
most part run parallel to the surface. 

The Haversian canals contain small blood-vessels, often two in number, arterial 
and venous (fig. 229), together with a small amount of delicate connective tissue 
containing branched cells, which are flattened close to the bone, and communicate 
by their branches with the ramifications of corpuscles in the substance of the 
bone. 

Xiamellar structure. — On viewing a thin transverse section of a long bone 
with a microscope of moderate power, especially after the earthy part has been 
removed by acid (fig. 228 b ; fig. 230), the opening of each Haversian canal appears 
to be surrounded by a series of concentric rings. This appearance is occasioned 
by the transverse sections of concentric lamellw which surround the canals {Haver- 
sian lamellce), Tlie rings are not all complete, for here and there one may be seen 
ending between two others. In some of the sets, the rings are nearly circular, in 
others oval — differences which depend on the direction in which the canal happens 
to be cut : the aperture, too, may be in the centre or more or less to one side, and 
in the latter case the rings are narrower and closer together on the side towards 
which the aperture deviates. Again, some of the apertures are much lengthened, 
and the lamella) surrounding them have a corresponding disposition. Besides the 
lamella) surrounding the Haversian canals, there are others disposed conformably 
with the circumference of the bone (fig. 228 b ; fig. 230, fl ) ; most of these are 
near the surface, but others run between the Haversian sets, by which they are 
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Pig. 229. — Section op a Haveusian 

CANAL, SHOWING ITS CONTENTS. 

(Scliiifer.) Highly magnified. 


G, small arterial capillary vessel; 
large venous capillary ; pale nerve- 
fibres cut across; /, cleft-like lymphatic 
vessel ; one of the cells forming its wall 
communicates by fine branches with the 
branches of a bone-corpuscle. The sub- 
stance in whieli the vessels run is con- 
nective tissue witli ramified cells; its 
finely granular appearance is probably 
duo to the cross-section of fine fibrils. 
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interrupted in many places (fig. 230, p7'). Lastly, in various parts of the section, 
lines are seen which indicate lamella} running in indeterminate directions. The 
lamelhc which do not belong to the Haversian systems are distinguished from 
the Haversian lamellso under the general term of ground-larnellcB. 



Fui. 280. — Section of a decalcified human hadius. (Sobotta.) Magnified 48 diameters. 

/>, ])eriosteum ; jA, periosteal bony lamelhe ; 7 /Z', deeply seated lamella* parallel with 
periosteal surface; /f, Haversian systems; Z?*, Zf, trabecuhe. of spongy substance; ///Z, lainelhe 
bounding medullary spaces. 


The appearance of a longitudinal section of the bone is in harmony with the 
account above given : the sections of the lamella) are seen as straight and parallel 
lines, running in the longitudinal direction of the bone, except when the section 
happens to have passed directly or slantingly across a canal : for wherever this 
occurs there is seen, as in a transverse section, a series of rings, generally oval and 
much lengthened on account of the obliquity of the section. 
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Many of the Haversian canals which pass through the circumferential or 
periosteal lamelhe carrying blood-vessels from the periosteum into the bone, are not 
surrounded by concentric lamellae, but are mere channels piercing the periosteal 
lamellae. They are often spoken of as Volkmann^s canals. 

The cancellated texture has also a lamellar structure. The slender bony 
walls of its little cavities or areohe are made up of superimposed layers, like those 
of the Haversian canals, but they have fewer lamellae in proportion to the width 
of the cavities which they surround (fig. 230, ml). 

Xiacunae and canallculi. — All over the section numerous little dark specks 
are seen among the lamellae with a low power of the microscope. These were at one 
time known as the ‘ osseous corpuscles’ ; but, although they contain cells (fig. 232), 
they are in reality minute cavities in the bony substance, and the name of lacunce 
lias been applied to them. To see them properly, sections of unsoftened bones are 
prepared and ground very thin. Such a section, cut transversely and viewed with 



Fro. ‘2B1.— Tkan?<veuse section of compact tissue (op iiumehus). (Sliarpey.) Magnified 

about 150 diameters. 

Three of the Haversian canals are seen, with their concentric rings ; also the lacuna^, with 
the canaliculi extending from them across the direction of the lamelhe. The Haversian 
apertures had become filled with air and debris (from the grinding), and therefore appear black 
in the figure, which represents the object as viewed with transmitted light. 


transmitted light by a magnifying power of from 200 to 3(X), has the appearance 
represented in figs. 231 and 233. The openings of the Haversian canals are seen 
with their encircling lamelhe ; and among these the lacume, which are mostly ranged 
in a corresponding order, appear as black, opaque or nearly opaque, oblong spots, 
with fine dark lines extending from them and causing them to look not unlike 
little black insects. The dark appearance is due to the fact that the little cavities 
have become filled with air in the dry bone, and when the same section is seen 
against a dark ground, with the light falling on it (as we usually view an opaque 
object), the little bodies and lines appear quite white, like figures drawn with chalk 
on a slate, and the intermediate substance, being transparent, now appears dark. 

The lacunfc, as already stated, are minute recesses in the bone, and the lines 
extending from them are fine pores or tubes named canaliculi, which issue from 
their cavity. The lacunte present some variety of figure, but in such a section as 
that represented they for the most part appear irregularly fusiform, and lie nearly 
in the same direction as the lamellae between which they are situated ; or, to speak 
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more correctly, they are flattened and extended conformably with the lamella? ; for 
when the bone is cut longitudinally (fig. 234), their sections still appear fusiform 
and are still more lengtliened out in the direction of the lamellae. The canaliculi, 
on the other hand, pass across the lamellae, and they communicate with those 
proceeding from the next range of lacunfe, so as to connect the little cavities with 
each other ; and thus, since the canaliculi of the most central range open into the 
Haversian canal, a system of continuous passages is established by these minute 
tubes and their lacume, along which fluid may be conducted from the Haversian 
canal through its series of surrounding lamella*. In like manner the canaliculi 
open into the great medullary canal, and into the cavities of the cancellated texture ; 
for in the thin bony parietes of these cavities lacume are also contained ; they 
exist, indeed, in all parts of the bony tissue. The canaliculi which radiate outwards 
from the lacuna? near the periphery of the concentric Haversian syst(*ms do not 
as a rule communicate with those of tin? neighbouring Haversian system, but bend 
round and are joined to one another ; there are, however, exceptions to this rule. 

Cells of hone . — As first shown by Virchow, 
each lacuna is occupi(*d by a flattened nucleated 
cell, which sends branches along the canaliculi. 
Later obs(*rvers liave been al)le to detach the 
proper wall of the lacuna and its appertaining 
canaliculi after decalcification, and to obtain it 
separate with its included corpuscle (fig. 232). It 
can scarcely be doubt(?d that the protoplasm of 
the nucleated eorpusch? takes an important share 
in the nutritive process in bone, and very probably 



Fid. 2H‘2. — A HONK-t’KIJ. ISOLATED 
AND HKIIILV MAUMFIED, (Aftor 
Joseph.) 

rt, [)ropor wall of the lacuna, 
sliowu at a part wliere the corpuscle 
has shrunk away from it. 


serves both to modify the nutritive fluid supplied 
from the blood and to further its distribution 
through the lacunar and canalicular system of the 
bony tissue. Virchow showed that the corpuscles 
of bone are homologous with those of ordinary 


connective tissue ; they represent the lamellar 
variety of connective-tissue cell : to this it may be added that the enclosing 
lacume and canaliculi are to be looked upon as corresponding to the cell-spac(‘s 
of that tissue. 


Apertures in the lamellcp . — With a little pains thin films may be peeled of! 
in a longitudinal direction from a piece of bone that has been decalcified. 
These for the most part consist of several lamelhe, as may be seen at the edge, 
where the diflhrent layers are usually torn unequally, and some extend farther 
than others. Examined in this way, under the microscope, the lamella* are seen 
to be perforated with fine apertures placed at V(*ry short distances apart. These 
apertures were described by Deutsch ; ^ they appear to be the transverse sections 
of the canaliculi already described, and their relative distance and position accord 
sufficiently with this explanation. According to this view, therefore, the canaliculi 
might (in a ci'rtain sense) be conceived to result from the apposition of a series of 
perforated plates, the apertures of each plate corresponding to those of the plates 
contiguous with it ; or they might be compared to holes bored to some depth in 
a straight or crooked direction through the leaves of a book, in which casi* it is plain 
that the perforations of tlie adjoining leaves would correspond ; it being understood, 
however, that the passages thus formed are most likely bounded by proper parietes. 
The apertures now referred to must be distinguished from larger holes seen in 
some lamelhe, which give passage to the perforating fibres to be mentioned 
farther on. 


De Penitiori Ossiuin Structura, 1SS4, p. 17, fig. 0. 
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Ziamella-fibreB (decuBsating* fibreB) of Sharpey. — If the thinnest part 
of a detached shred or film be examined, as shown in figs. 235 and 237, it will 
then appear plainly that the lamella? are largely made up of transparent fibres, 
often decussating with each other in adjacent lamelhT. In the Haversian 
systems these fibres cross one another in different 
lamellae at right angles (v. Ebner), but in 
most other situations at more or less acute 
angles, and they are united here and there by 
obliquely passing fibres, so that they cannot be 
teased out from one another ; at the torn edge 
of the lamella they may often be seen separate for 
a little way, standing out like the threads of a 
fringe. Most generally they are straight, as 
represented in fig. 235 ; but they are not always 
so; for in some parts they are wavy (fig. 237). 

Dilute acetic or hydrochloric acid causes these 
fibres to swell up and become indistinct, like the 
wliite fibres of connective tissue ; care must 
therefore b(? taken in tlieir examination that the 
launains of such decalcifying acid be removed from 
the tissue, by maceration in water or in solutions 
of neutral salts. Morc'over, the fibrous structure 
is not equally distinct in all parts ; in solne places 
it is less decidedly marked, as if the fibrillation 
were incompletely developed. 

These fibres, which constitute the lamellae, were discovered by Sharpey,’ and 
tlieir constant presence was taught by him for many years before they were acknow- 
ledged by other histologists. It has since been shown by v. Ebner that the lamella- 
fibres of Sharpey are themselves composed of fine fibrils, so that they corres23ond 

with small bundles of wliite connective- 
tissue fil)res rather than with single 
fibres. Like the connective-tissue 
fibrils, these of the bone are doubly re- 
fracting, and they are said by v. Ebner 
not to be calcified, the calcareous 
matter being confined to the matrix 
in which they are imbedded, so that in 
calcined bone they are destroyed and 
their place is occupied by fine tubules. 
As already stated, they sometimes 
take different directions in successive 
lamella?, so as to produce a granular 
or a striated appearance according as 
they happen to be cut transversely or 
longitudinally (fig. 236). 

In thin sections of bone, the lines or rather bands which represent the cut 
edges of the lamellae show the section of the lamella-fibres as round or angular 
dots, themselves punctated, which lie imbedded in the ground- substance 

^ Quain’s Anat., 5th edition, 1845. The discovery of tliese fibres is often attributed to v. Ebner 
(Wiener Sitzungsb. Ixxii. 1870), to whose descriptions we owe many facts regarding their arrange- 
ment and structure. Sharpey did not fully distinguish between the finest fibrils and the small 
bundles into which they are collected, but in all other points his account of tlie fibrous structure 
of the lamella? was very complete. 

- Arch. f. mikr, Anat. xxix. 1887. 



Pig. 230. — Small par'I' ok a longitudinal skction 
OK DECALCIFIED TIBIA, (v. Ebner.) Highly 
magnified. 

G, series of six lamelhe which are cut for the 
most part in the direction of the fibrils, so that they 
appear longitudinally striated ; h, b, lamellie, the 
fibrils of wliich are cut across ; the arrangement of 
the fibrils into bundles is indicated. Two lacuna? 
are seen lying between the lamelbe, also canaliciili 
piercing the lamella?. 



Fig. 235. — Thin layer peeled off 

FROM A SOFTENED BONE, AS Fi' 

APJ'EARS UNDER A MA(iNIFYING 

POWER OF 400 DIAMETERS. 

(Hbarpey.) 

This figure, which is intended to 
represent the fibrous appearance of 
the lamelbe, gives abetter idea of tin? 
object when held rather farilier olT 
than nsiial from the eye. 
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(fig. 236, b). The lamella? are partly separated from one another by the lacuna} 
which lie between them. Where these are absent they are joined together by 
the ground-substance ; they are also united by bundles of fibres passing obliquely 
from one lamella to the other. 



Fl(^ 287 . — torn off from a decai^cififd human parietal hone at some depth 

FROM THE SURFACE. (SliarpGy.) 

(7, lamella', 8lio\vi)i;jf decussating libres ; b, 6, thicker part, where several lamelhe are super- 
posed; r, r, perforating' lil)res. Tliese are actually bundles of libres, but this is not shown in 
tilie drawing;. Apertures throuj,'!! which perforating fibres had passeil are seen es])e(*ially in 
the lower ))art, o, o, of the figun;. Magnitude as seen under a power of 200, but not drawn to 
a scale (from a drawing by Allen Thomson). 

de Burgh Birch ' describes some of the lacunie as lying in the substance of the lamelhe. 
Jfirch, however, defines a lamella as a layer of osseous substance in which the fibres course 
in the same direction. But this definition would in some cas(*s comprise several lamella' as 
ordinarily understood (see fig. 236). 



FlO. 288. — MaoNIFIF.D VIEM' of a perpendicular section through the external TARr.E 
OF A human parietal RONE, DECALCIFIED. (H. Mlillcr.) 

At o, perforating fibres in their natural situation ; at 6, others drawn out by separation of the 
lamelhe ; at c, the holes or sockets out of which they have been drawn. (H. Miiller.) 


Ferforating* fibres of Sharpey. — It was further shown by Sharpey that 
in many instances the lamella? are perforated by^ fibres, which pass through them 

' Journ. Physiol, ii. 1870. 
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in a perpendicular or oblique direction, and seem to bolt them together. These 
perforating fibres may be seen, w ith the aid of the micrc scope, in a thin transverse 
slice of a decalcified cylindrical or cranial bone, on pulling asunder the sections of 
the lamelhe (as in fig. 238). In this way some lamelhe will generally be observed 
with fibrous processes attached to them (fig. 238, b) of various lengths, and usually 
tapering and pointed at their free extremities, but sometimes truncated — probably 
from having been divided by the knife. These fibres have obviously been drawm 
out from the adjacent lamella3, through several of which they must Jiave penetrated. 
Sometimes, indeed, indications of perforations may be recognised in the part of 
the section of bone from which the fibres have been pulled out (fig. 238, c). The 
processes in question are thus, so to speak, viewed in profile ; but they may 
frequently also be seen on 
the Rat surface of detached 
larnelljc (fig. 237), project- 
ing like nails driven per- 
pendicularly or obliquely.^ 

The pc?‘forating fibres are, 
like the decussating fibres, 
bundles of fibrils which agrei? 
in character with those of the 
white fibrous tissue ; but some 
perforating fibres, as shown by 
H. jMiiller, are of the nature of 
elastic tissue (fig. 239, e). 3'hese 
always remain unealcified ; 
sometimes the white fibrous 
bundl(^s escape calcification. 

The result is that, as they 
shrink in drying, they h'ave 
tubes or channels in the dry 
bone, generally leading from 
the surface inwardly ; but these 
uncalcilied bundles are by no 
means frequent (Sharpey). 

The perforating fibres are 
usually connected with tht‘ 
periosteum, as is the case with 
most of those which penetrate 
the external table of the cranial 
bones ; but in cross-sections 
of cylindrical bones they often 
appear to spring with their 
broad ends from the deeper 
lamella? (with the fibres of 
which f h(‘y may be directly continuous), and especially from those near the circumference of a 
Haversian system, and taper outwards into fine points, which do not reach the periosteum 
(fig. 239),- although without doubt they must, like the bony layers in which they occur, have 
been formed by subperiosteal ossification. They are never found in the concentric systems 
of Haversian lamellae. 

Where tendons or ligaments are inserted into bone, the fibre-bundles of the tendon are 
continued into the bone as perforating fibres, so that the attachment of tendon to bone is thus 
rendered very intimate. Some of the bundles of white fibres of the periosteum may also, as 
above mentioned, be traced into the bone as perforating fibres, and the same is the case with the 
elastic fibres. 

W'hen tendons become ossified, as is often the case, especially in birds, a calcification of the 

^ On the history of the discovery of the perforating fibres, see Sharpey, Quart. Journ. Micr. Sci. 
xviii. 1877, p. 142. 

' Scliiifer, Quart. Journ. Micr. Sci. xviii. 1877 



Fro. 2;4U, — TiiAN'svKnsK section of dec.mamfied human tihia, 
FROM NEAR THE SURFACE OF THE SHAFT. (Sclljifei’.) 

H, H, Haversian canals, with their systems of concentric 
lamcllre; in all the rest of the figure the lamelhe are circum- 
ferential. 

S, S, ordinary perforating fibres of Sliarpey ; c, c, elastic per- 
forating fibres. Drawn under a power of about 150 diameters. 
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ground-substance of the tendon occurs, so that, after decalcifying, the tendinous structure again 
becomes manifest. These so-called ossified tendons are therefore not composed of true osseous 
substance. 

Appearance* indicative of absorption and re-deposition of bone. — The animal basis 
of bone is made up essentially, as we have seen, of regularly arranged lamellje ; but interposed 
among these, layers are here and there met with of a different character, having a granular 
or irregularly fibrous aspect, with the lacunae very conspicuous and regularly arranged, and 
sometimes appearing as if surrounded by faintly defined areas. These layers are often bounded 
})y a scalloped border, as if made up of confluent round or oval bodies (fig. 240). The layers 
described appear principally to occur in the irregular interstices of the systems of concentric 
Haversian lamellae : they perhaps represent remains of the bony matter which was first 
formed in the foetus and most of which has become absorbed and replaced by the fibrous 
lamellar tissue. Irregular layers of rounded nodules, apparently solid, are also sometimes seen, 
and arc of a similar nature. These are met with chiefly near the surface, lying among the 
circumferential lamin®. 

Haversidu sjxices . — Spaces are occasionally seen which are characterised by an eroded 
outline, in some cases partially filled up by concentric lamellae. These were named ‘ Haversian 

spaces ’ by Tomes and de Morgan ' ; 
they are interpolated or intruded 
amongst the regular Haversian 
systems, some of which may have 
been cut in upon in the excavation 
of the space. It was further noticed 
by Tomes and de Morgan that the 
spaces in question may sometimes be 
seen being filled up at one part by the 
dci)osition of lamellae, whilst they are 
extending themselves by absorption 
at another. Haversian spaces are 
most numerous in young and growing 
bones, but they occur also after 
growth is completed. 

The appearances above mentioned 
are due to the peculiar manner in 
which the absorption of bone occurs ; 
for it is effected, as will presently be 
described, by the agency of largo 
multinucleatod cells, which excavate 
little hemispherical pits {foveolce of 
Howshi'p) and ultimately cavities 
{Haversian s'paces) in the osseous 
tissue. If the process of absorption 
should cease and should be succeeded 
by a re-disposition of osseous sub- 
stance, the new osseous matter filling 
up the hollows of the absorbed surface 
exhibits, when it is detached, a raised 
impression corresponding with the 
hollows into which it fitted. 

In young bones the lamellar character is not evident, the tissue being constituted at first of 
bundles of fibres which interlace in every direction in the ground-substance ; in this reticular 
form of osseous tissue the lacunce are both more numerous and irregular in form than in lamellated 
bone. Portions of such reticuilated bone may persist in the adult between the Haversian systems 
(figs. 233, 234). 

The exact knowledge we possess of the minute structure of osseous tissue is largely the result of 
the investigations of William Sharpey, whose account, written in 1845, has needed no erasure, and 
but little addition of importance, even to the present day. His labours in this field have been 
to a certain extent recognised in the adoption of the name ‘ fibres of Sharpey ’ for the perforating 
fibres; but it must not be forgotten that the fibres which constitute the lamellae and which he 


c 



Fui. 240. — Small part of a section thkouoh the 

SHAFT OF A FEMUR (HUMAN SIXTEEN YEARS) TAKEN A 
SHORT DISTANCE FROM THE EPIPHYSIS. (Kolliker.) 
200 diameters. 

u, remains of calcified cartilage ; by bony deposit in 
Howship’s foveolu' (absorption spaces) ; c, subsequent 
deposit of lamellar bone. 


^ Phil. Trans. 1853. 
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termed the ‘ decussating fibres ’ were also first described by him, although their existence was 
long denied by other histologists.* 

The periosteum, as already stated, is a fibrous membrane which covers the 
bones externally. It adheres to them very firmly, and invests every part of their 
surface, except where they are covered with cartilage. 

It is composed of two layers ; the outer, consisting chiefly of white fibres, and 
containing occasional fat-cells, is the means of supporting numerous blood-vessels 
destined for the bone, which ramify in the membrane, and at length send their 
minute branches into the Haversian canals of the compact substance, accompanied 
by processes of filamentous tissue derived from, or at least continuous with, the 
periosteum. The inner layer is largely made up of elastic fibres, frequently in 
several distinct strata.^ Between it and the proper osseous tissue there is a fibrous 
stratum containing in the young bone a number of angular or cubical cells (osteo- 
blasts), while in the adult bone these have become flattened out into an epithelium- 
like layer covering the osseous substance, and are in many places separated by a 
cleft-like space (serving probably for the p^issage of lymph) from the rest of the 
periosteum.'^ 

By treating the membrane with nitrate of silver, lymphatics are discovered in 
it accompanying the blood-vessels in the outer layer ; and, as in other aponeurotic 
structures, extensive epithelioid cell-markings, covering a great part of the surface, 
are brought into view. 

Fine nerves spread out in the periosteum ; they are partly associated with the 
arteries, and along these enter the subjacent bone ; but others are for the mem- 
brane itself. Some of these end in Pacinian corpuscles, others in arborescent 
terminations. 

The chief use of the periosteum is to support the vessels going to the bone, and afford them a 
bed in which they may subdivide into fine branches, and so enter the dense tissue at numerou.s 
points. Hence, when the periosteum is stripped off at any part, there is risk that the denuded 
portion of the bone will die and exfoliate. The periosteum also serves to give purchase to the 
tendons and ligaments whore they are fixed to bones. Its relation to the growth and renewal of 
bone will be referred to later on. 

The marrow {medulla ossium) is lodged in the interior of the bones ; it fills up 
the hollow shaft in the long bones, whore it is of a yellow colour and largely formed 
of fat, and it occupies the cavities of the cancellated structure, where it is usually 
of a red colour and contains but little fat ; it extends also into the Haversian canals 
— at least into the larger ones — along with the vessels. A fine layer of a highly 
vascular areolar tissue lines the medullary canal, as well as the smaller cavities 
which contain marrow ; this has been named the medullary membrane, internal 
periosteum, or endosteum, but it cannot be detached as a continuous membrane. 
Its vessels join on the one side those of the osseous substance, and on the other 
side are continuous with the capillaries of the marrow. 

The marrow — at least the red variety — is the chief blood-forming organ in the 
adult, and the account of its structure will be deferred until the mode of development 
of blood-corpuscles is dealt with. 

Blood-vessels of bone. — The bones are well supplied with blood-vessels. 
A network of periosteal vessels covers their outer surface ; fine vessels run from 
this through all parts of the compact tissue in the Haversian canals ; others 

* See on bone-structure, Kiilliker, Handbuch der Gewebelelire, 6th edition, and in Zeitschr. f. wiss. 
Zool. xliv. and xlv. 1SS6-7 ; v. Ebner, Wiener Sitzungsb. Ixxii. 1876; O. Van der Striclit, Arch, de biol. 
ix. 188U ; Ranvier, Traite technique d’histologie, 1889 ; Meyburg, Arch. f. inikr. Anat. Ixiv. 1904 
Novikoff, Zeitschr. f. wiss. Zool. xcii. 1009. On the structure of fossil bone, J. Schaffer, Sitzungsb. 
d. Wiener Akad. xcviii. 1889. 

^ On the elastic tissue of periosteum and bone, see K. Schultz, Anat. Hefte, vi. 1896. 

On the lymphatics of bone and periosteum, see Schwalbe, Zeitschr. f. Anat. ii. 1897. 
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penetrate to the cavities of the spongy part, in which they ramify ; and a 
considerable artery goes to the marrow in the central part of the bone. In the 
long bones this inedullarij arterjj, often, but improperly, called ‘ the nutritious 
artery/ passes into the medullary canal, near the middle of the shaft, by a 
canal ‘ running obliquely through the compact substance. The vessel, which is 
accompanied by one or two veins, then sends branches upwards and downwards in 
th(5 middle of the marrow ; from these branches arterial capillaries pass radially 
towards the periphery. The comparatively narrow arterial capillaries pass 
suddenly at the periphery of the marrow into wide venous capillaries, which form 
a close network of large cliannels throughout the medullary tissue, so that the 
current of blood must be considerably retarded both in these and in the large 
thin- walled veins. 

The ramifications of the medullary artery anastomose with the arteries of the 
compact and cancellated structure ; indeed, there is free communication between 
the finest branches of all the vessels which proceed to the bone, and no strictly 
defined limit between the parts supplied by each. In the thigh-bone there are 
frequently two medullary arteries entering at different points. 

Tho veins of tlio cancellated texture arc peculiar and deserve special notice. Their arrange* 
inent is best known in the bones of the skull, where, being lodged in the diploii or spongy texture 
between the outer and inner coni})act tables, they have received the name of the diploic veins. 
They are large and numerous, and run separately from the arteries in canals formed in the 
cancellated structure, the sides of which are constructed of a thin lamella of bone, perforated 
here and there for the admission of branches from the adjoining caneeili. Being thus inclosed 
and supported by the hard structure, the veins have exceedingly thin coats. They issue from 
the bone by special apertures of large size. A similar arrangement is seen in the bodies of the 
vertebrte, whence the veins eomt^ out by large openings on the })osterior surface. In the long 
hones numerous a])ertures may be seen at the ends, invir the articular surfaces ; some of these 
give passage to arteries, but the greater number, as well as the larger of them, are for the veins 
of the cancellated texture, which run separately from the arteries. 

According to Hoyer - and Hindlleisch the venous capillaries and veins of the red marrow have 
ineompleto walls, or rather are channels hounded only by the medullary parenchyma, so that 
the blood-corpuscles which are being formed from inaiTow-cclls can readily gel into the eiroula- 
tion. Langer,^ on tiu? other hand, found the vaseulai’ system of the marrow to be a closed one. 
In birds this is certainly the case according to the testimony of Bizzozero and of Denys, but in 
mammals it is doubtfid if the vascular walls arc everywhere complete. 

The blood coming from the marrow contains a larger number of leucocytes than ordinary 
blood, and sometimes nucleated coloured corpuscles (erythroblasts) occur in it. 

Xiymphatics. — In addition to the lyiuphatics in the periosteum (which have 
already been mentioned), there arc others in the Haversian canals accompanying the 
vessels (fig. 229, /), and often partially or wholly enclosing them (perivascular). ’ The 
lymph or plasma of the blood is enabled to penetrate the hard bony substance by 
means of the laciuiic and communicating canaiiculi. 

The fine nerves which may be seen entering the bones along with the arteries 
are probably chiefly destined for those vessels ; it is not known whether any end in 
connexion with the cells of the bony tissue itself. 

As far as can bo judged from observations on man and experiments on the lower animals, 
the bones, as well as their investing periosteum, are scarcely if at all .sensible in the healthy 
condition, although they are painfully so when inflamed. 

' On the nutritive canals of bones, see Schwalbe, Zeitschr. f. Aiiat. i. 1H70. 

^ C('ntralbl. f. d. med. Wiss. 1S(VJ. 5 Arch. f. inikr. Aiiat. xvii. 1871). 

‘ Wiener Denkschr. 1870 and 1877. ’ Budge, Arch. f. mikr. Anat. xiii. 1877 
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FORMATION AND GROWTH OF BONE. 

The foundation of the skeleton is laid at a very early period. But it is by their 
outward form and situation only that the parts representing the future bones are 
then to be recognised. At first they do not differ materially in substance from the 
other structures of the embryo, being composed of undifferentiated mesoderm-cells. 
Very soon, however, they become cartilaginous, and ossification in due time 
beginning in the cartilage and continuing to spread from one or from several 
points, the bony tissue becomes gradually formed. 

But, while it is true with respect to the bones generally that their ossification 
commences in cartilage, it is not so in every instance. The tabular bones forming 
the roof of the skull may be adduced as a decided example to the contrary ; in these 
the ossification goes on in embryonic connective tissue altogether unconnected with 
any cartilage ; and even in the long bones, in which ossification undoubtedly com- 
mences and to a certain extent proceeds in cartilage, it will be afterwards shown 
that there is much less of the increment of the bone really owing to that mode of 
ossification than was at one time generally believed. Two species or modes of 
ossification are thus distinguished, which for the sake of brevity may be called the 
mlranietnhranous and the intracartilmjin^^ the resulting bones being termed 
membrane hones and cartilage hones respectively. 


INTRAMEMBBANOtJS OSSIFICATION: OSSIFICATION IN 
CONNECTIVE TISSUE. 


The tabular bones of the cranium, as already said, afford an example of this mode 
of ossification. The base of 
the skull in the embryo is 
cartilaginous ; but in the roof. 



that is to say, the part com- 
prehending the parietal and 
frontal bones, and a certain 
portion of the occipital bone, 
we find (except where there 
happen to be commencing 
muscular fibres) only the in- 
teguments, the developing 
dura mater, and an inter- 
mediate connective - tissue 
layer, in which the ossifica- 
tion proceeds. 

The cominericing ossifica- 
tion of the parietal bone, 
which may be selected as an 
example, appears to the naked 
eye in the form of a network 
in which little bars or spicules 
of bone run in various direc- 
tions, and meet each other at 
short distances. By-and-by 
the ossified part becomes ex- 
tended, also gets thicker and 
closer in texture towards the 
centre, and the larger bony 



Fio. 241.— Pakietai. hone of an embiivo sheep. Size of 
THE EMBRYO ^ INCHES. (Sharpey.) 

The small upper figure represents the bone of the natural 
size, the larger figure is magnified about 12 diameters. The 
curved line a, 6, marks the height to which the subjacent 
cartilaginous lamella extended. A few isolated particles of 
bone are seen near the circumference, an appearance which 
is quite common at this stage. 


spicules which now appear, run out in radiating but interconnected lines to the 
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circumference. The ossification continues thus to spread and consolidate until 
the parietal meets the neighbouring bones, with which it is at length united by 
sutures. 

Fig. 241 represents the parietal bone of an embryo sheep about two inches and 
a half long, and shows the character of the ossification as it appears when the object 
is magnified about twelve diameters. When further examined with a higher magni- 
fying power, the tissue or membrane in which the ossification is proceeding appears 
to be made up of fibres and corpuscles, with a ground-substance between, and 
may be looked upon as connective tissue in a certain stage of development. The 
corpuscles are large and angular, and they are densely packed all over the area of 
ossification, covering the bony spioula, and filling up their interstices. 

On observing more closely the points of the growing osseous rays at the circum- 
ference of the bone, where they shoot out into the soft tissue, it will be seen that 


the portion of them already calcified 
is granular and rather dark in 
appearance (fig. 242), but that this 
character is gradually lost as they 
are traced farther outwards in the 
membrane, in which they are pro- 
longed for a little way in form of 
soft and pliant bundles of trans- 
parent fibres (fig. 243, of). 

These were termed by Sharpey 
osteogenic fibres, the soft trans- 
parent matter of which they are 


b 




Fio. ‘24*2. — Part of the developing 

PARIETAL BONE OF A P(ETAL CAT 
(li INCH long). (Schafer.) 

The figure represents a piece of the 
growing edge slightly magnified, showing 
the bony spicules terminated by bunches 
of osteogenic fibres ; a, an isolated bony 
siucule united to the main part of the 
ossification by a bundle of osteogenic 
fibres. 


Fig. 243.' — The part marked h of Fhl 242, 
HIGHLY MAGNIFIED. (Schiifer.) 

sji, bony spicules, with some of the osteoblasts imbedded 
in them, producing the lacunie ; ont, osteoblasts partly 
imbedded in the newly formed bone; of, osteogenic fibres 
prolonging the spicules, with osteoblasts between them and 
applied to them ; a, granules of calcareous deposit between 
tlie osteogenic fibres ; at h the granules have become 
blended, and the matrix is clearer; at c a continuity is 
established between the two adjacent spicules. 


composed being designated osteogenic substance, or simply osteogen. It appears, 
however, to be identical with the collagen of which white connective-tissue 
fibres are formed, and the so-called osteogenic fibres are in fact small bundles 
of collagenous fibres, and are continuous with similar bundles in the surrounding 
connective tissue (fig. 244). But although similar in chemical composition, they 
are somewhat different from these in appearance, having a stifier aspect and 
straighter course. The fibre-bundles become calcified by the deposition within 
them of earthy salts in the form of minute globules, which produce a darkish 

^ These two figures, as well as figs. 248, 268, and 254, are from the author’s paper on the structure and 
development of bone, in the Quart. Journ. Micr. Sci. xviii. 1877. They were drawn by Mr. J. Lawrence. 
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granular opacity, until the interstices between the globules also become calcified, 
and the minute globules becoming thus fused together, the new bone again looks 
comparatively clear (fig. 243, 6).^ 

As already stated, the fibrils which compose the osteogenic fibres themselves 
are, according to v. Ebncr, not calcified ; the calcification affects only the matrix 
which unites them. 

The bundles of osteogenic fibres which prolong the bony spicules, generally 
spread out from the end of each spicule so as to come in contact with those 
from adjacent spicules. When this happens, the innermost or proximal parts 
of the bundles frequently grow together (fig. 243, c), whilst the other fibres 
partially intercross as they grow farther into the membrane. The ossific process 
extends along the osteogenic fibres fari passu with their growth, and thus 
new bony spicules become con- 


tinually formed by calcification 
of the bundles of osteogenic 
fibres. 

The earthy deposit occasionally 
appears in an isolated patch here and 
there on some of the osteogenic fibres 
in advance of the main area of ossifica- 
tion (see fig. 242, a). 

The osteogenic fibres become com- 
paratively indistinct as the inter- 
fibrillar and ground -substance calci- 
fi(;\s ; but they persist in the form 
of the fibres which are seen in the 
formed bone, although in embryonic 
bone their disposition is not lamel- 
lated, the bony matter having a some- 
what coarsely and irregularly fibrous 
structure. 

In this way the first bony 
matter becomes formed as a 
perforated plate or network of 
osseous spicules, which, whilst 
extending peripherally in the 
way above described, gradually 
becomes thicker nearer the 
centre, partly by the deposit of 



Fio. 241.— Skction of ossifyino maxillary bone of 
NEW-BORN RAT. (v. Korff.) 

o, osteoblasts ; b, bony substance witli osteoblasts and 
fibres ; />', growing border of bone ; r, embryonic connective 
tissue, allowing its fibres continuous with the osteogenic 
fibres of the growing border. 


bony matter upon its surfaces, 

partly by the projection from them of bony spicules which arc prolonged like 
those at the periphery by similar systems of osteogenic fibres. The perforations 
in these first-formed bony plates correspond to the bays which were seen 


between the advancing spicules, and to the meshes of the bony network formed 
afterwards by the junction of the spicules, and as the bone thickens they become 
enclosed and converted into reticulating interstices (like the canals of a sponge), 
which are occupied by blood-vessels, and by the corpuscles above mentioned. 
These corpuscles also everywhere cover the bundles of osteogenic fibres, to 
which their flattened sides are applied (fig. 243, ost). Where the osteogenic fibres 
diverge from one another, the intervals are occupied by the same cells. It is 
probable that the osteogenic fibres are formed by the agency of the cells in question, 
and that the calcification takes place under their influence, hence the name 


^ See on the fibrils in developing bone and dentine, v. Korff, Arch. f. mikr. Anat. Ixix. 1909. 
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‘ osteoblasts ' was assigned to them by Gegenbaur.^ Some of the osteoblasts are 
involved in the ossifying matrix, and remain as the corpuscles of the future bone, 
the spaces enclosing them being the lacunae. The canaliculi, which are at first 
short, are afterwards extended by absorption, so as to anastomose with those of 
neighbouring ]acuna3. 

Osteoblasts are probably specially modified connective-tissue corpuscles, perhaps 
of the nature of plasma-cells. But after becoming included within the lacunae 
they may undoubtedly be regarded as homologous with the lamellar cells of 
connective tissue. It is improbable that they are produced from leucocytes as 
suggested by Kassander.^ 

The ground-substance of the bone, together with the collagenous fibres it contains, 
is doubtless produced by the osteoblasts. By Gegenbaur, Kolliker, and others, it 
has been assumed to be a kind of secretion from the cells, and this is the view which 
has been taken in this work.^ It is believed by other histologists^ that the ground- 
substance of bone is formed not outside the cells in an intercellular substance as 
here described, but by a direct conversion of the protoplasm of some of the osteo- 
blasts into bony tissue. If this were the case, there ought to be some indication in 
the formed osseous substance of the cell-areas of which it was made up, but nothing 
of the kind has been shown to exist. There should, moreover, often be observed 
osteoblasts which are only partly converted into bony substance, but this also has 
never been described. And if, as some suppose, the peripheral part of each osteo- 
blast becomes converted into osseous substance, while the central part and nucleus 
remain as the corpuscle within a lacuna, the osteoblasts would have to be originally 
far larger than the permanent lacume, which is certainly not the case. The view 
in question is similar to that which supposes ordinary connective tissue to have 
a like origin (see p. 127). A similar difference of opinion is held regarding the 
development of dentine. 

Meanwhile, the meshes of the bony network, which were occupied as we have 
seen by one or more blood-vessels, and by numerous osteoblasts, become diminished 
in extent, and the bone at the same time increased in thickness by the deposit upon 
the original trabecuUe of irregular bony laminca) and trabecuhn, some of the osteo- 
blasts remaining, and forming the corpuscles and lacume as before. The interstices 
of the bony spongework thus become gradually narrowed, each containing one or 
more blood-vessels surrounded by osteoblasts. 

At a later stage increase in thickness takes place by successive depositions of 
bony lamelhe under the periosteum, a concentric deposition occurring at the same 
time on the walls of the vascular channels. But since the growth in thickness of a 
membrane bone takes place in exactly the same manner as that of one of the long 
bones, which will be fully described in a subsequent page, the reader is referred to 
the account of the process there given. 

It may be observed that the appearance of the ossifying membrane-bone in the shape of a 
network of trabecula? seems to be (let(*rmined by the pre-existence of a vascular network in the 
embryonic tissue. The new bone everywhere makes its appearance in the spots which are 
farthest from the vessels, and the bony network everywhere alternates with the vascular net- 
work. At the edges of the advancing bone the spicules which prolong it pass between and 
avoid the capillary blood-vessels, which are thus left in the bays between the spicules ; the 
divergent bunches of osteogenic fibres which prolong the adjacent spicules complete the enclosure 
of the blood-vessel. 

After a time the membrane-bone extends so as almost to come into contact with 
the neighbouring bones. But as long as growth continues, there always remains in 

* Jena Zeitschr. i. 1804 and iii. 1867. ^ Anat. Aiiz. xviii. 1900. 

' See also v. Korff. Arch. f. mikr. Anat. Ixix. 

‘ Waldeyer, Arch. f. mikr. Anat. i. 1865. For a recent account in which a similar view is 
taken, see Disse, Arch. f. mikr. Anat. Ixxiii, 1909, and Anat. Anz, xxxv. 1909. 
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the situation occupied afterwards by the sutures a vascular, growing connective 
tissue with numerous osteoblasts. This is continually on the increase, but as fast as 
it grows, the osteogenic fibres and the osseous spicules extend into it from the young 
bones on either side. At length, however, when these have attained their full 
dimensions, the growth of the intermediate tissue ceases, and it becomes completely 
invaded by bone, with the exception of the narrow and irregular line of suture, 
which may eventually itself become more or less obliterated. 

From a morphological point of view, such membrane-bones as those of the skull 
are probably to be regarded as evolved from an integumental skeleton which 
is extensively developed in some of the lower vertebrata, and which had in all 
probability as its phylogenetic precursor a formation of dentinous cutaneous 
spines. The membrane-formation in connexion with cartilage-bones may also 
have originated in a similar manner. 


OSSIFICATION IN CARTILAGE. 

It has already been stjited that, in by far the greater number of bones, the 
mesodermic tissue with closely packed cells, of which they originally consist, is 
very quickly succeeded by cartilage, in which the ossification begins. One of the 
long bones taken from a very small embryo, just before ossification has commenced 
in it, is observed to be distinctly cartilaginous. In the tibia of a sheep, for example, 
at a time when the whole embryo is not more than an inch and a quarter in length, 
we can plainly see that the substance consists of 
cartilage-cells imbedded in a pellucid matrix. 

These cells can scarcely be said to be collected 
into groups, and are very irregular in size and 
shape. They become enlarged in the middle 
part of the shaft when ossification is about to 
commence. As it grows, the cartilage acquires 
firmer consistence ; it represents in figure the 
future bone, though of course much smaller in 
size, and it is surrounded with a fibrous mem- 
brane, the future periosteum. V^essels ramify in 
this membrane, but none are seen in the 
cartilage until ossification is about to begin. In 
a long bone the ossification commences in the 
middle and proceeds towards the ends, which 
remain long cartilaginous, as represented in 
fig. 248. Much later, separate points of ossifica- 
tion appear in them, and form epiphyses, and in 
some also apophyses, which at last are joined to 
the body of the bone. 

The manner in which the process of ossification 
of a cartilage bone takes place is as follows : 

In the middle of the cartilage the cells are 
enlarged, and are separated from one another 
by a relatively larger amount of matrix than 
elsewhere (fig. 246). This matrix becomes 
hardened by calcareous deposit, assumes a granular opaque appearance, and 
has a gritty feel to the knife. Meanwhile the cartilage-cells above and 
below the centre of ossification become enlarged and flattened, and piled up in 
elongated groups or columns which radiate from the centre for a certain distance 
towards either end. The columns taper towards their ends, where the cartilage-cells 



Fig. ‘24r). — H umeutis of a P(etus. 

(Sharpey.) Natural size. 

The upper part is divided longi- 
tudinally. rt, cartilage, 6, line of 
junction of bone and cartilage. The 
periosteal bone looks lighter than the 
endochondral bone proper. 
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which compose them are smaller. Near these ends the cartilage-cells multiply by 
mitosis,' and with the new cells new matrix is produced so that the cartilage in this 
situation is both becoming elongated and expanded laterally. Near the place where 
bone is forming there is no sign of division and multiplication of the cartilage- 
cells ; here indeed there is evidence of atrophy. Into the matrix between the 

columns the calcareous deposit ex- 
tends between and around the 
groups of cells, so that the calcified 
substance encloses the columns. 
The cell-spaces in the calcified 
matrix which are still occupied by 
the cartilage-cells, either singly or 
in elongated groups, were termed 
by Sharpey f rimary areolw. Simul- 
taneously with this deposit in the 
cartilage-matrix, a layer of osseous 
substance (fig. 246, im) is becoming 
formed on the outside of the carti- 
lage underneath the periosteum. 
This last is a vascular membrane, 
containing numerous osteoblasts (o), 
which are chiefly collected on the 
inner surface next to the caytilage, 
and it is by their agency that the 
bony layer on the surface of the 
cartilage is formed and becomes 
increased both in thickness and 
length. The bony layer, when 
viewed on the surface, shows the 
usual component fibres of osseous 
substance, and as other layers arc 
deposited upon it lacunfc become 
formed between them by the inclu- 
sion of some of the osteoblasts. In 
this first stage of ossification we see 
therefore two processes going on, a 

Fill. 24C».- SkcPION of PHALANCiKAL BONK OF HUMAN i f .1 .j. ' 

F(K rijs, AT THK TiMK OF coMMKNciNo OSSIFICATION, doposit 01 caithy matter lu the 

Prom a preparation by P. A. Dixey. (Scliafer.) matrix of the Cartilage, the Cclls 

Mafiiiitu'd about lo tliameters. Tho drawintr was r i i i • i i ^ 

made from a plioto-rapli. of which assume a highly charac- 

Tbe eartilage-eells in the centre are enlarged and teristic arrangement, and a deposi- 
separated from one anotlier by dark-looking calcified tioil of true membraiie-bone, Under- 
niatrix ; ////, layer of bone deposited underneath the xu • i i * j 

periosteum ; o, layer of osteoblasts by which this layer Ueatil the periCllOndriUm, aild 

has been formed. Some of the osteoblasts are already closely investintr tllC surface of 

imbedded in the new bone as lacume. The cartilage- . , • .. ^ 

cells are becoming eidarged and flattened and arranged the Cartilage. 

in rows above and below the calcified centre. At the What llCXt happens is an irrup- 

ends of the cartilage the cells are small and the groups . - , v ^ i i 

are irregularly arranged : the fibrous periosteum is not tioil 01 the SUbperiOSteal VasCUlar 

sharply marked off from the cartilage. osteobhistic tisSUO illto the 

middle of the cartilage, one or 

more apertures being excavated by absorption in the newly deposited osseous 
lamella, and the tissue in question passing through these and burrowing into the 
cartilage (fig. 247, ir). Here it absorbs a great part of the calcified matrix, and 
by demolishing it in this way forms larger spaces (the secondary areolw of Sharpey, 

^ Leser, Arch. f. milir. Anat. xxxii. 1S88; tl. Retzius, Biol. Fbren. FiJrhandl. i. 1888. 
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the marrow spaces of H. Muller), which are filled by jelly-like embryonic 
marrow, with ramified cells and osteoblasts, the cartilage-cells which occupied 
the primary areolae disappear- 
ing before it. All the middle 
of the calcified temporary carti- 
lage becomes thus excavated 
with large spaces (fig. 248), 
sometimes with a single large 
space (fig. 249), and replaced by 
the vascular osteoblastic tissue. 

As the calcification of the 
cartilage-matrix extends towards 
the ends of the shaft, pro- 
ceeding always in the same 
manner, the osteoblastic tissue 
closely follows, and after sup- 
planting the cartilage-cells in 
the primary areola', absorbs 
parts of their walls so as to 
throw two or more together to 
form secondary areohc ; in this 
way a great part of the calcified 
cartilage-matrix is at once 
removed. 

At a short distance below 
the advancing ossification, the 
marrow spaces become at first 
somewhat more enlarged by 
further absorption, but at the 
same time their walls (which 
were at first formed only by 
the remains of the walls of the 
primary areohc and therefore 
only by calcified cartilage 
matrix) begin to be thickened 
by the deposition of layers of 
new bone, and this deposition 
increases gradually towards the 
middle of the shaft (compare 
fig. 252, c and d). The lacunge 
first appear in this deposit ; 
there are of course none in 
the calcified cartilage. More- 
over, as layer after layer is 
deposited upon the walls of 
the marrow spaces these be- 
come gradually narrowed into 
intercom mu ni c ating chan n els , 

which contain little more than 
a blood-vessel and some jelly- 
like embryonic connective 
tissue (foetal marrow), with a certain number of osteoblasts applied to the 
bone. 



Fio. 217.— Section of part of one of the limb-jjones 

OF A F(ETAL CAT, AT A MORE AD VANCE O STAGE OF 
OSSIFICATION THAN IS REPRESENTED IN FIG. 241), AND 
SOMEWHAT MORE HIGHLY MAGNIFIED. (Schiifer.) 

Tho calcification of the cartilage-matrix has advanced 
from the centre, and is extending l)etween the groups of 
cartilage-cells, which are now arranged in characteristic 
rows. The subperiosteal bony deposit iini) has extended 
pari passu with the calcification of the cartilage-matrix. 
The cartilage-cells in the primary areohe are mostly 
shrunken and stellate ; in some cases they have dropped 
out of the space. At ir and in two other places an irruption 
of the subperiosteal tissue, composed of ramified cells with 
osteoblasts and growing blood-vessels, has penetrated the 
subperiosteal bony crust, and has begun to excavate the 
secondary areola) or marrow spaces ; 2 >, fibrous layer of 
the periosteum; o, layer of osteoblasts; some of them are 
imbedded in the osseous layer as bone-corpuscles in 
lacunae ; />/, blood-vessels occupied by blood-corpuscles. 
Beyond the line of ossific advance the periosteum may be 
noticed to be distinctly immrved. This incurvation is 
gradually moved on, the cartilage expanding behind and in 
front of it until the head of the bone is reached, when it 
forms the periosteal notch or groove represented in fig. 248. 
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At the ends, some of the embryonic bone which is thus laid down remains to 
form the cancellated tissue, but in the shaft most of this structure is afterwards 


removed by absorption, to give place to the medullary canal. In the walls of many 
of the secondary cavities the calcified cartilage which bounded the coalesced primary 
areol® may long be distinguished as arched lines forming by their union a sort of 



festooned outline, upon which the 
new bony laminae have been de- 
posited (see figs. 252 and 253, c). 

In some of the smaller bones 
it may happen that the calcified 
cartilage is completely absorbed 

Fig. 248.— Longitudinal section through 

THE UPPER HALF OF THE DECALCIFIED 

HUMERUS OF A FOITAL SHEEP, AS SEEN 

UNDER A MAGNIFYING POWER OF ABOUT 

so DIAMETERS. (Schafer.) 

G*, the part of the shaft which was pri- 
marily ossirted in cartilage ; what remains 
of the primary hone is represented as dark, 
enveloped by the clear secondary deposit. 
The areohe of the hone are occupied by 
embryonic marrow with osteoblasts, and 
blood-vessels variously cut, represented as 
dark lines. One long straight vessel (hv) 
passes in advance of the line of ossification 
far into the cartilaginous head, most of the 
others loop round close to the cartilage. 
At one or two places in the older parts of 
the bone elongated groups of cartilage-cells 
(c) may still be seen which have as yet 
escaped absorption, ini, the part of the 
bone that has been ossified in membrane, 
that is to say in tlie osteoblastic tissue 
under the periosteum. Jt is well marked off 
from the central portion, and is bounded, 
peripherally, by a jaggial edge, the projec- 
tions of which are indistinctly seen to be 
jirolonged by bundles of osteogenic fibres. 
A row of osteoblasts covers the superficial 
layer of the bone. The subperiosteal layer 
is prolonged above into the thickening ip), 
which encroaches upon the cartilage of the 
head of the bone, and in wliich are seen, 
amongst numerous osteoblasts and a few 
blood- vessels, the straight, longitudinal osteo- 
genic fibres (o/), and some other fibres {pf) 
crossing them, and perhaps representing 
perforating fibres. The calcareous salts 
having been removed by an acid, the granu- 
lar oBsific deposit passing up between the 
rows of cartilage-cells is not seen in this 
specimen. Observe the general tendency 
of the osseous trabecuhe and the vascular 
channels between them to radiate from the 
original centre of ossification. This is found 
to prevail more or less in all bones when they 
are first formed, although the direction of the 
trabecuhe may afterwards become modified 
in relation witli varying physiological condi- 
tions, and especially as the result of pressure 
in different directions. 


from the centre of the shaft before any new deposition of bone takes place. 
This is the case in the phalanges (see IMate, and fig. 249). 

The substance forming the original calcareous walls of the areohe, and produced 
by calcification of the cartilaginous matrix, is decidedly granular, has a dark 
appearance, and is stained (after decalcification) by luematoxylin ; the subsequent 
or secondary deposit on the other hand is transparent, and of a uniform, homogeneous 




Cartilast 


Section of terminal and subterminal phalanges of finger of 5-months 
foetus (Sobotta). Magnified 15 diameters. Haematoxylin-eosin. 


ry space 


iondral bone 
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aspect, staining with carmine. This secondary deposit begins to cover the granular 
bone a very short distance below the surface of ossification (see fig. 252), and, 
as already stated, increases in thickness farther down. 

Close to the limit of advancing ossification, the blood-vessels terminate in 
capillary loops (see figs. 248, 252), which are often somewhat dilated. It was 
supposed by Ranvier that these vascular loops by their growth directly produce 
absorption of the cartilage, but it is more probable that this is caused by the agency 
of some of the cells which accompany tlie blood-vessels. The absorption of tlie 
walls of the primary areola? (calcified cartilage-matrix) seems, in fact, to be effected 



Fki. TjONoitupinal section Tnu<)rt;n i*aut of a 

FHAEANX OF A SIX MONTHS’ HUMAN F.MHUYO. (KJillikcr.) 

The calcified cartila^^o ia completely absorbed almost to 
the limit of advancing ossification. The darker substance 
on either side is the pi^rioateal bone. The embryonic 
marrow has shrunk somewhat away from it. 


by certain large multinucleated colls 
(fig. 252, /, /) which from their 
function are termed osteoclasts,^ and 
which are found wherever bone is 
being eaten away : we shall return 
to them later. The secondary 



Fio. 250 . — Thanhvehsk skutio.n of 

OSSIPYlN(} CAHTILACiK, INULUlH.NMi 
A rourioN OF thk advancints uai,- 

CIFICATION. FuoM the HU.MEUUS 
OF A F(ETAL SHEE1\ (SliarpeV.j 
Mafifnified 70 diameters. 

r, cartilage, the cells of wliich are 
enlarged, but the matri,x not yet cal- 
cified; h, primary osseous deposit in 
the cartilage-matrix, extending be- 
tween the cartilage-cells and enclos- 
ing them in primary aref>he. 


bone which thickens the walls of the marrow-spaces is no doubt formed by 
osteoblasts. 


With regard to the destination of the cartilagc-cells, two opposite views have been takmi by 
histologists. According to one, which was that adopted by H. Muller, the capsules arc opened 
by absorption, and the cells are converted, after undergoing division, into osteoblasts. According 
to the other, the cartilage-cells themselves become removed by absorption, and take no ))art, 
directly or indirc'ctly, in the production of the secondary bone. The latter view of the matter 
was taken by Loven, and it was also regarded by Sharpeyas in all probability the more correct; 
it is now most generally adopted. For the line of demarcation between the cartilage-cclls and 
the osteoblastic tissue is exceedingly abrupt (fig. 2T8), and the latter often, if not always, termi- 
nates either by a dilated vascular loop, or it may be by a developing capillary filled with blood- 

' Ostoclasts, Kblliker. 
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corpuscles. The cartilage-cells close to the line of demarcation are generally much shrunken 
and irregular in form and show no evidence of division. It may be remarked that this is also 
the case whcui, as sometimes happens, they have not disappeared before the irruption of 
subperiosteal tissue, but persist untouched within the remains of the calcified cartilage-matrix 


(see fig. 24K, c). 

According to Dantschakofl,' some of the 
(•artilag(‘-c(‘lls disappear, whilst others divide 
mitotically, and the daughter-cells remain in 
the marrow as stroma-cells. Hut Ret/.ius “ 
was only able to find Tiiitoses amongst the 
cartilage-cells at the ends of the cell-columns 
farthest from the advancing ossification— i.c. in 
the place where growth of cartilage is taking 
])lace. 

As ossification advances towards the 
ends of the bone, the portion as yet 



FkJ. 251.— SmaM, I'OUTION of a SKCTION 
OF nKN'KIiOl*IN<i HONE, TAKEN AT THE 
.Il'NCTION OF I'HE HONE AND CAHTILAOE, 
AND EXAMINED IN THE FltESH CONDITION. 
(Sharpey.) ^Miigiiitied about 140 
diametera. 

it, h, two of the new-formed osseous tubes 
or ari'ohe, with a few shrunken cartilago- 
oells lying in them ; e, cartilage-cells near 
the ossifying surface, largo and clear and 
tilling the cavities in tbo matrix ; on the left 
of tlie figure some of them are shrunken. 



Fio. 252 . — Part of a lonoitudinal seciton of 

THE DEVEEOPINO FEMUR OF THE llAHBIT. (Froill 

Klein and Noble Smith.) Drawn under a 
magnifying power of .'150 diameters. 

a, rows of flattened cartilage-cells; b, degen- 
erating cartilage-cells close to the advancing hone : 
the matrix between them is already calcified; r, d, 
formed hone, the osseous trahecuhe being eoverod 
with ostt'ohlasts le), except here and there, where a 
giant-cell or osteoclast (/), is seen, eroding })artsof 
the trahecuhe ; //, //, cartilage-cells whicli have 
become shrunken and irregular in shape. From the 
middle of the figure downwards the dark trahecuhe, 
wliieh are formed of calcified cartilage-matrix, are 
becoming covered with secondary osseous substance 
deposited by the osteoblasts. The vascular loops 
at the extreme limit of the hone are well shown, as 
well as the abrupt disappearance of the cartilage- 
cells. 


cartilaginous continues to grow at the same time, expanding in every dimension. 
The part already osseous increases also in circumference ; fresh bone being con- 
tinually deposited in the subperiosteal membranous tissue outside that which 
is first formed on the surface of the cartilage (figs. 248, 2.53). The subperiosteal 


Arch, f. mikr. Anat. Ixxiv. 1909. 


- Biol. For. Forh. i. 1888. 
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deposit takes place in the same way as in the formation of a membrane bone. Bony 
spicules prolonged by osteogenic fibre-bundles (fig. 253) project out from the 
previously formed layer into the intervals between the blood-vessels. By the 
union of the spicules the vessels become in like maimer enclosed in channels whose 
walls are gradually thickened by deposits of osseous substance, between which 
some of the osteoblasts are left behind as bone-corpuscles in lacunaN whilst others 
remain within the meslies. 

The question whether bone can be directly formed from cartilage by a transformation of the 
cartilage-matrix into osseous tissue, whilst the cartilage-cells become bone-corpuscles (metaplastic 
ossification), is one which has been much discussed ; it is probable that it should be decided in the 
negative. There is no evidence to show that true bone is formed in any other way than through 
the agency of osteoblasts. 

The first formed bony tissue is different in its general appearance from the bony 
tissue of the adult, being reticular and not regularly lamellar, and, for a long while, 
even the shafts of the long bones are rather cancellated than compact in their 
texture. The more obviously 
lamellated condition does not 
begin to appear until about 
the sixth month after birth, 
when the periosteum deposits 
a succession of entire lamclhe 
around the embryonic bone. 

The blood-vessels which pass 
from the periosteum into the 
bon(‘ pierce these circum- 
ferential larnelhe, and spaces 
become absorbed around the 
vessels, the appearance known 
as Haversian spaces being 
produced (see p. 152). Tlie 
Haversian canals of compact 
bone become formed later, 
after such absorption has 
taken place around the blood- 
vessels, the absorption being 
succeeded by a re-deposition 
of concentric lamellcn within 
the Haversian spaces thus 
formed. 

Immediately before the occurrence of the lamellar deposition under the 
periosteum just referred to, th(‘. young bom* undergoes a process of absorption from 
the inside. The marrow canal becomes thereby enlarged, and the marrow spaces, 
particularly those near the marrow canal, partaking of this absorption and 
enlargement, the result is that at about this period there is less bony matter in a 
section of the shaft than there was immediately before. To the change in question 
Schwalbe has given the name ‘ osteoporosis.’ It is followed by a re-deposition 
of osseous lamelhc both on the wall of the medullary canal and on the walls of the 
marrow spaces of the embryonic osseous tissue. 

Since the cartilage grows in every diiiien.sion by interstitial expansion, the bone which is 
invading it {endochoiulral bone) extends over a gradually enlarging area as the ossification 
advances. It is narrowest near the centre of the shaft where the process began, and widens 
gradually towards the ends ; it has thereforesornewhat of an hour-glass shape (fig. 248, «.c.). The 



Fl(i. ‘253. — I^AIIT OF A TUAN'SVKKSE SECTION OF A OEVEl.OIMNO 
r.ON(i HONE, UATIIKH MOHK ADVANCED THAN THAT KEPIIE- 
SENTED IN FIO. *2iS, AND UNDER A HIOllER MAONIFYlNci 

POWER. (Sciiiifer.) 

r/>, endochondral bone which began as a calcification of the 
cartilage-matrix, jiarts of which still remain (c) covered over 
by secondary osseous deposit; o, secondary areohe, occupied 
by vessels, hetal marrow, and osteoblasts; jieriosteal bone 
deposited in the form of irregular trabeculie, [)rolong(*d exter- 
nally by bony spicules passing into bunches of osteogenic fibres. 
These, which are everywhere covered with osteoblasts, become 
lost in the external fibrous layer of the periosteum, p ; 6/, hi, 
blood-vessels variously cut. 


100 


BONE 


cylindrical form of the shaft is maintained, however, by the thickness of the periosteal bone being 
greater at the centre (where the dexjosition of bone first began, and has been longest proceeding) 
than at the ends. From this i)art it gradually diminishes to a thin layer immediately investing 
that part of the cartilage into which th(^ calcification is extending, so that the intramembranous 
subperiosteal ossitieation on the outside may be said closely to accomimny, even to precede, the 
calcification of the cartilage in the interior. Either this investment of periosteal bone, or the 
calcification of th(^ cartilage, seems to hinder the lateral ex|)ansion of that ])art of the cartilage 
in which the calcification is proceeding ; but immediately beyond, the interstitial ('xpansion 


mentioned takes place. By the time 
that th(^ ossification has advanced to the 
extremities of the shaft, the enlarged 
and expanded end of the cartilage has 
(‘xtended itself over the subperiosteal 
layer, so that this, with the accompany- 
ing osteoblastic tissue, now seems to lie 



FlO, 254. li()N(HTUr)I\AL si-u tton 
T llUneoil lUK I’KIUOSTEAI. THICK- 
KNINO OF A HONK AT AilOUr THE 
SAME STAOE OF DEVELOPMENT AS 
'I'HAT UEITIESEN'I’EI)' IN FlO. ‘248. 
(Scliiifer.) 

r, cjii'tilnge witli the cells in rows ; 
tlie tissue of the j)erioHteal thickening 
IS slmrply marked otl' from it except 
near the surface ; outer layer of 
tlie periosteum ; /, inner layer of 

the jH'riosteum or subperiosteal 
tissue, with osteogenic fibres and 
osteoblasts. One or two blood-vessels 
are observi'd cut across. 



Fio. ‘255 -Section thkoeoh knee-.ioim of 
EIOHT-DAY RABBIT. (A. Bidder.) 

CO, canal carrying osteoblastic tis.siie from the 
diajdiysis of the femur to its epiphysis ; cc, va.'-eular 
canal in cartilage; p, x)eriosteal bone; c, epijdiysis 
in end of femur; c', ex>iphysis in bead of tibia, 
containing an island of unossified cartilage: 
7^ cartilaginous patella. 


in a groove or notch (fig. 248, p) in the cartilaginou.s head of the bone (Ranvier). This groove 
i.s filled with the same ti.ssue a.s that which underlies the rest of the periosteum — namely, a 
vascular tissue with branched cells and osteoblasts and osteogenic fibres. The latter are 
prolonged from the periosteal bone, and have for the most jmrt a longitudinal direction 
(fig. 2.’)4). The tissue which tills this jieriosteal notch axijiears to become gradually converted 
by a metaplastic process into cartilage in the same way as the sujierficial part of a rib 
cartilage is formed by conversion of the deeper layers of the perichondrium (see p. 13()). 
Thus, besides the interstitial growth and cxxmnsioii of the cartilaginous end, there is a constant 
new formation of cartilage going on at its surface. 
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Formation of epiphyses. — Blood-vessels extend from the newly formed 
osseous tissue of the shaft beyond it into tiie cartilage where the epiphysis is to 
appear. The vessels are lodged in excavations or branching canals in the cartilage 
(fig. 248, ; fig. 255, co), which also contain osteoblasts. Other nutrient canals 

enter the cartilage, and conduct vessels into it either directly from the perichon- 
drium or from the ossifying shaft, but these are not concerned with its ossification.* 
The formation of osseous tissue begins in the extremities of the bone from one or 
more independent centres, and extends from those points through the epipliysial 


/ 



Fi(f. ‘25C. — Skction of uim’KU end of tibia op a halk-ouown kabbit. (A. Riddtir.) Drawn 
under a magnifying power of 30 diameters, but represented loss magnified. 

E, epiphysis; A, apophysiw ; D, diaphysis ; /, ligamentum patelhe ; c, articular cartilage; 

(•', intermediate cartilage; j/, periosteal bone of diapliysis ; in, ligamentum mucosuni. 


cartilage, leaving, however, a superficial layer of it unossified, which permanently 
covers tlie articular ends of the bone (fig. 256, c). Except on the side wliich is 
turned towards the advancing ossification of the shaft, the cartilage-cells do not 
become arranged in long columns in the manner described for the ossification of 
the shaft. The developing bone of the epiphysis, which is purely endochondral 
and owes none of its substance directly to subperiosteal ossification, is marked 
off fairly sharply from the adjacent cartilage (figs. 255, 256). Apophyses are formed 
from distinct osseous centres similar to those which form the epiphyses (fig. 256, A) ; 


' A. Bidder, Arch. f. mikr. Anat. Ixviii. 1906. 
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they also receive their osteoblasts by vascular canals which penetrate into them 
from the marrow spaces of the diaphysis. The epifliyses formed in the above manner 
are separated, as long as growth continues, from the shaft or diaphysis by an inter- 
vening portion of cartilage, which is constantly growing ; but this is at last ossified, 
and the bone is then consolidated. Should the intervening cartilage become 
prematurely calcified or materially injured by disease, or if it is removed by the 
knife, the growth of the bone in length at the injured end ceases.^ 

Tlie oHsitication of the short bones is also chielly endochondral, but in the vertebrte the 
first ossification of the arches is periosteal, and there is also periosteal bone formed at the posterior 
surface of the vertebral body. Other short bones, such as those of the wrist and ankle, are 
almost purely endochondral. The osteoblasts which are to form the bone are carried in along 
vascidar canals at one or more points from the perichondrium.'^ 

A remarkable exception to the ordinary mode of ossification of the cartilage-bones occurs in 
the terminal phalanges of the digits. In these the calcification of the cartilage begins at the 
distal extremity or tip, and the subperiosteal deposit appears simultaneously at the same point, 
and forms a cap-like expansion over the end of the phalanx. The irruption of the osteoblastic 
tissue also first occurs at this jdace. The expanded portion of the jihalanx which bears the nail 
is formed independently of cartilage.^ 

Orowth and absorption of bone. — TJie time of final junction of the 
epiphyses is different in different bones ; in many it does not arrive until the body 
has reached its full stature. Meanwhile, as above described, the bone increases 
in length by the ossification continuing to extend into the intervening cartilage, 
wliich goes on growing at the same time ; and it appears that in the part of the 
shaft already ossified little or no elongation takes place by interstitial growth. 
This is shown by an experiment first made by Hales and afterwards by Diihamel 
and by John Hunter, in which, two or more lioles being bored in the growing bone 
of a young animal at a certain measured distance from each other, they are found 
after a time not to be farther asunder, although the bone has in the meanwhile 
considerably increased in length. On the other hand, if one hole be bored in the 
epiphysis and another in the shaft, they become distinctly removed from one 
another with the growth of the bone. 

Both Hales and Duhamel in experimenting on the growing tibia of a chicken, 
observed tlnit the elongation was much greater at the upper end. Humphry 
showed that in the arm- bones the elongation is greater at the end farthest from 
the el bow- joint, and in the leg-bones at the end which is next the knee-joint. 

In the human subject, between the first and the fourth or fifth years, the long 
bones grow chiefly in length, scarcely at all in thickness. 

The shaft of a long bone increases in circumference by deposition of new bone 
on its external surface, while at the same time its medullary canal is enlarged 
by absorption from within. This can be determined by two methods of experi- 
menting. Thus, in the first place, a ring of silver or platinum put round the wing- 
bone of a growing pigeon, becomes covered with new bone from without, and the 
original bone included within it gets thinner, or, according to Duhamel, who first 
made the experiment, is entirely removed, so that the ring comes to lie within the 
enlarged medullary canal. Secondly, madder given to an animal along with its 
food tinges those parts in which deposition of new bone is taking place. The 
earth of bone appears to act as a sort of mordant, uniting with and fixing the 
colouring matter ; and, as in this way the new osseous growth can be readily dis- 
tinguished from the old, advantage was taken of the fact by Duhamel, and afterwards 
by Hunter, in their inquiries as to the manner in which bones increase in size. 

* For ail account of the structural changes which nccoinpany sucli injury, see Jahn, Morph. 
Arbeiten, i. 

^ For many details regarding the ossification of different bones, see Bidder, op. cit. 

’ F. A. Dixey, Proc. Hoy. Soc. 1880. 
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By their experiments it was shown that when madder is given to a young pig for 
some weeks, the external part of its bones is reddened, proving that the new osseous 
matter is laid on at the surface of that previously formed. Again, it was found 
that, when the madder is discontinued for some time before the animal is 
killed, an extetior white stratum (the last formed) appears above the red one, 
whilst the internal white part, which was situated within the red, and had been 
formed before any madder was given, has become much thinner, showing that 
absorption takes place from within. In this last modification of the experiment 
also, as noted by Hunter, a transverse red mark is observed near the ends of the 
bone, beyond which they are white ; the red part indicating the growth in length 
during the use of the madder, and the white beyond, that which has taken place 
subsequently — thus showing that the increase in length is caused by the addition 
of new matter to the extremities. Madder administered while the process of 
formation of the concentric lamellae of the Haversian systems is going on, colours 
the interior and recently formed laminae, so that in a cross-section the Haversian 
apertures appear surrounded with a red ring. 

Flourens and Kolliker repeated and varied these madder experiments. Kolliker, in addition, 
carefully investigated tlic microscopic appearances observed in the process of absorption. From 
the results of his researches (which were in part anticipated by those of Jjovem), it would seem, as 
already indicated, that the process is essentially dependent on the presence of large nndti- 
nucleatcd colls, by him termed ‘ ostoelasts,’ similar in general appearance to the ‘ myeloplaxes ’ 
of marrow, which excavate, in the part which is undergoing absorption, small shallow pits 
ifoveolcB of Howship), in which also they lie. I'hese pits occur wherever absorption is pro- 
ceeding, and it is to them that the festooned appearance of the Haversian spaces (p. 152) is due. 
The ostoelasts or (Hgs. 257, 2.')8) vary in size, but are always many times larger than 



Fio. ‘257 . — Thhkk osteocuahts fuom ahsokction- 

SUKEACKS OF GUOWINO UUNE. (Kiillikcr.) 
400 diameters. 

a, with thickened striated border. 



Fio. 2r>H. — B ony tuabkcula fuom the i.owek 

.»AW OF A CALF-E.MHUYO WITH IIoWHHIF’h 
FOVEoL.K AND OSTEOCLASTS AT THE ENDS 
WHERE AUSOUPTION IS PROCEEDING AND 
OSTEOBLASTS COVERINO IME SIDES WHERE 
BONE IS BEING DEPOSITED. (KJJllikcr.) 


the osteoblasts : in shape they are spheroidal or flattened, usually with an even outline. Their 
substance is granular in appearance, and they each contain from two to ten clear round nuclei, 
but this number may be considerably exceeded. The osteoclasts have frequently on the side by 
which they are in contact with the bone a clear striated border (lig. 257, a), somewhat similar 
to the striated base of the columnar epithebum-cells of tlu^ intestine. The osteoclasts were 
regarded by Kolliker both as in the first instance derived from and as eventually breaking up 
into osteoblasts. Osteoclasts are found in connexion with the roots of the milk-teeth where 
these are undergoing absorption to make way for the permanent set. They were also noticed 
by Billroth to produce absorption in ivory jiegs which had been driven into bone. What 
genetic relation, if any, they bear to the megakaryocytes or giant-cells of marrow is uncertain. 
Multinucleated giant-cells are not associated with bone-absorption alone, but occur in lymph- 
glands, in the spleen and elsewhere. The osteoclasts probably represent a specific form of 
such cells. 
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Growth and mouldingr of bones. — The changes of shape which the 
bones undergo in the process of growth, as well as any changes which may occur 
in them in adult life, are all produced in the same manner as the increase of size — 
that is to say, not by interstitial growth and expansion of the substance of the 
bone in one direction more than in another, but by a deposition of new bone by 
osteoblasts at some parts and a simultaneous absorption by osteoclasts at others ; 
whilst in other places again neither absorption nor deposition is occurring — just as 
a modeller corrects his work by laying clay on at one part whilst removing it at 
another. 

Since during the growth of bones their shape is becoming continually altered, 
it follows that in nearly all bones during growth there are parts of tlie bone which 
are in proc(*ss of absorption, and others which are in process of more active deposition 
than the rest. In most of the long bones, towards their ends, absorption is generally 
taking place at one side and deposition on the opposite side. The former process 
may, and probably does, proceed to such an extent that the endochondral bone 
may be laid bare or even partially absorbed, but after a while, when the absorption 
has ceased at any part, re-deposition may take place, the osteoclasts being replaced 
by ost(‘oblasts, and successive circumferential larnelhe being deposited by these.' 

A huge arnouat of variation is met with in the different })ones of the skeleton in the relative 
ext(‘nt to which they are fornuul in cartilage? and in the subperiosteal tissue respectively. 
W’hereas in some, such as tin? shafts of the long bones of the limbs, the endochondral bone is 
almost entiix'ly retnoved, as we hav(‘ seen, and periosteal bone substituted for it ; in others, such 
as tlx' t)odies of th(^ vertcbifc, and th(‘ (‘piphyscs of the long hones, a much larger proportion of 
the adult bone has had an endoeiiondral formation. In oiu; or two hones or ])ai’ts of bones 
again, whictli may be said to have typically an intrainemhranoiis origin, cartilage? may, according 
to Kassowitz,'^ becouK! develo])ed under the ])eriosteum at certain places, and the continuation 
of the ossification may occur iii this secondarily developed cartilage. 'J'his is said to be the ease 
with the clavicl(‘, tin? foundation of which is laid in membrane, but which is found at a later 
))eri()d to have eartilaginons ends ; and also with the halves of tlie lower jaw-bone, which develojjs 
cartilaginous ends both towards the* symphysis and towareis the? articular and coronoid processes, 
these cartilaginous emels being altog(?ther distinct from the cartilage of .Me'ckel, which at those 
parts is nneonnected with the? ja\v-be)ne, although at another place (in front) it is involved in the 
e)ssi(ieation of the inaudible. •’ Kassowitz has described similar cartilaginous developments in 
connexion with the subperiosteal tissue at the tuberosity of the radius and the spine? of the 
scapula. 'rh(‘y are merely an (?xtension of the process which normally goes on at the ossilication 
groove (p. !()()). 

Regreneratlon of bone. — In the reunion of fractured bones, osseous matter {caUw't) 
(ofte-ii [)rec<'dt‘d by a now formation of cartilage) is formed betwt'en and around the broken 
( luls, cejiinecting them lirmly together ; and when a portion of bone dies, a growth of new bone 
very gi'nerally tabes place to a greater or less extent, and the dead part is thrown off. The 
importance of the ])eriosteuni in the process of repair is shown by the fact that if a portion of 
periosteum he strijiped off, the subjacent bone will be. liable to die and exfoliate ; conversely, if a 
largi* part or tin* whole of a bone be removed and the periosteum at the same time be left intact, 
tin* bone will, in a great measure, be regenerated. Osseous formation will even occur in con- 
nexion with portions of })eriostcuni W'hk?h have been stripped away from the bone itself and 
intertwined amongst the miiseies of the part, or even with portions that have been entirely 
removetl from a bone and transplanted to a soft tissue (Ollier). 

The marrow-tissue assists in the regeneration of bone, especially in young bone, where the 
osteoblasts still retain a very active osteogenic function, and largely assist in the production of 
the lirst-fornuxl new bone or ‘ callus.’ In the adult such participation of the marrow in the 
regeneration of bone is less easy to prove, and, although it seems undoubtedly to occur, the 
bone-forming activity is much less than that of the young subject, in which small ])ieces of 
the bone itself can be transplanted. VV. McEwen succeeded in renewing the greater part 

' For special details of this modelling process as it is met with in the different bones of the skeleton, 
the reader is refei*red to Kdlliker’s memoir: Die normale Resorption des Knochengewebes, Leipzig, 
187!J ; also Henberger, Diss. Wiirzburg, 1874. 

^ M(‘dic. Joihrb. 1879-80. 

* Cf. J. Schaffer, Arch. f. mikr. Anat. xxxii. 1888. 
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of the excised humerus of a child by the introduction, at successive periods, of portions of fresh 
bone removed from another patient.* 

Historical.- It was long supposed that all the bones of the skeleton were preceded by and 
deposited in cartilage. Nesbitt, however, showed in 173b that some of the flat bones were 
formed independently of cartilage, and he further maintained that the cartilage is ‘ entirely 
destroyed ’ ; he therefore considered it to be a mere temporary substitute; but the steps of the 
process of intracartiiaginous ossification us now traced with the aid of the microscope were 
unknown to him, and it was not until the year 1845 that the manner of formation of bone and the 
extensive replacement of the primarily ossified cartilage by new bone formed in membrane was 
made clear by the researches of Sharpey, who published the results of his work in the fifth 
edition of Quain's Anatomy. 

^ Pioe. Roy. Soc. xxxii. ISSl. The previous history of the subjec-t will be found in this paper. 
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MUSCULAR TISSUE. 

Muscular tissue is that by means of which the active movements of tlie body are 
produced. It consists of fibres collected into muscles, generally of a red colour, and in 
this form it is familiarly known as the flesh of animals. The fibres, from the charac- 
teristic appearance which they exhibit under the microscope, are usually known as 
‘ cross-striped ’ or ‘ striated ’ ; they are many of them under the control of the will, 
and are iiencc often spoken of as ' voluntary ’ muscles. Those which are attached 
to and serve to move parts of the skeleton are also known as ‘ skeletal ’ muscles. 
Another kind of muscular tissue is disposed around the blood-vessels and most 
of the hollow viscera, often forming a distinct coat or coats to these. In this kind 
the fibres do not exhibit the same cross-striated appearance, and they have there- 
fore been termed in contradistinction ‘ smooth,’ ' plain,’ or ' non-striated ’ muscular 
fibres. Most of these are entirely withdrawn from the control of the will, and they 
are therefore also termed ' involuntary.’ The muscular tissue of the heart, although 
having a cross-striated appearance, differs in many respects from that of th(‘ 
sk(‘letal muscles : it is therefore described separately under the term ' cardiac ’ 
muscular tissue. Muscular fibres arc endowed with contractility, by virtue of 
which they shrink or contract more or less rapidly under the influence of certain 
cau8(‘S which are capable of exciting or calling into play the property in question, 
and wJiich are therefore named stimuli. 


STRUCTURE OF CROSS-STRIATED OR SKELETAL MUSCLES. 

Tlie skeletal muscular fibres are for the most part gathered into distinct muscles 
of various sizes and shapes, but generally elongated, and furnished with tendons 
at each extremity, by which they are fixed to the bones. 

The fibres are in the first place collected into bundles, of greater or less thickiKvss, 
named fasciculi {lacerti) (fig. 259). The 
fibres arc parallel in the fasciculi ; and 
the fasciculi extend continuously from one 
terminal tendon to the other, except in a 
few instances, like the rectus muscle of 
the abdomen and the digastric of the 




Fl(i. ant). -A, SMALL POllTION OF MI’SCI.E, 
('()NSISTIN(i OF LAItiJKU AND SMALLER 
FASt'lfULI, NATLHAI. SIZE ; 13, THE SAME 
MAUNIFIED 5 DIAMETERS, SHOWINO A 
I'RANSVEUSE SECTION. (SllHl'pt'y.) 


Fro. 200. -A FEW muscular firrks, rkino 

PART OF A SMALL FASCICULUS, MORE 
ilioiiLv MAUNIFIED. (Hluirpcy.) 

h, b, libres : a, enl view ; r, a llbre splitting 
up into longitudinal elements. 


inferior maxilla, in which the fleshy part is interrupted by interposed tendinous 
tissue. The fasciculi also very generally run parallel, and, although in many 
instances they converge towards their tendinous attachment with various degrees 
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of inclination, yet in tlic voluntary muscles they do not interlace with one 
another. 

An outward investment or sheath of areolar tissue (epimysium) surrounds the 
entire muscle, and sends partitions inwards between the fasciculi, furnishing to 
each of them a special sheath (perimysium). The areolar tissue extends also between 
the fibres (endomysium) , but docs not afford to each a continuous investment, 
and therefore cannot be said to form sheaths for them. Every fibre, it is true, has 
a proper sheath ; but this, as will be afterwards explained, is not composed of 
areolar tissue. The perimysium contains elastic as well as white fibres ; but the 
elastic element is found principally in its investing, as distinguished from its 
penetrating, portion. In the endomysium numerous plasma-cells are found. 
The chief uses of tlie areolar tissue are to connect the fibres and fasciculi together, 
and to conduct and support the blood-vessels and nerves in their ramifications 



Fio. 201— Skction of sartorius muscle (human). (M. Heidenhain.) Magnified 4 diameters. 
The epimysium is well seen and the division of the muscle into larger and smaller fasciculi. 


between the parts. The relation of these different subdivisions of a muscle to 
each other, as well as the shape of the fasciculi and fibres, is well shown in transverse 
section (fig. 261 ). 

The fasciculi are of a prismatic figure, and their sections have therefore an angular 
outline. The number of fibres of which they consist varies, so that they differ in thicknes.s, 
and a large fasciculus may be divisible into two or three orders of .successively smaller bundles, 
but of no regularly diminishing magnitude. Some muscles have large, others only small fasciculi ; 
and the coarse or fine texture of a muscle, as recognised by the dissector, depends on this 
circumstance. The length of the fasciculi is not always proportioned to the length of the muscle, 
but depends on the arrangement of the tendons to which their extremities are attached. When 
the tendons are limited to the ends of a long muscle, as in the sartorius, the fasciculi, having to 
pass from one extremity to the other, arc of great length ; but a long muscle may be made up 
of a series of short fasciculi attached obliquely to one or both sides of a tendon, which advances 
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some way upon the surface or into the midst of the fleshy part, as in the instances of the rectus 
muscle of the thigh, and the tibialis posticus. Many short fasciculi connected thus to a long 
tendon produce by their combined operation a more pow'erful effect than a few fasciculi running 
nearly the whole length of the muscle ; but by the latter arrangement the extent of motion is 
greater, for the points of attachment are moved through a longer space. 
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FlO. 202. FlllUKS OF ItKCTCS SIJ- 
1‘KHIOU OF EYK OF A MUSCULAH 
SUn.lKCT, SEEN IN SECTION. 

(Halbiui.) Magnified about 170 
diameters. 



Fio. 20;l. — F ibres op gluteus maximus of a 

MUSCULAR SUBJECT, SEEN IN SECTION. (Halball.) 

Magnified about 170 diameters. 


Fibres i their figrure and measurement. — In sliapc the fibres are 
cylindrical, or prismatic vvitli rounded angles. Their diameter varies greatly even in 

each muscle, althougli for tlie most part a prevail- 
ing standard is found to (‘xist in every muscle. 
The largest fibres in luimaii muscles are nearly 
0*1 mm. inch) in diameter; the smallest are 
only about one-tenth that widtli. 

Such muscles as tliose of the eye. are mainlv 
composed of small fibres (fig. 262), and the muscles 
of the limbs mainly of large ones (fig. 263), but 
there is no constant ridation between the size of a 
muscle and that of its fibres. The fibres tend to 
be thicker in the male than in the female and 
are thicker in muscular subjects than in others 
(for tlie same muscles). The differences between 
different muscles are not ovideiit in infancy, but 
maififest themselves in the process of growtli.' 

The fibres composing a muscle are of limited 
length, generally not exceeding 36 mm. (1*5 inch) ; 
and accordingly in a long fasciculus a fibre does not 
reach from one tendinous attachment to the other, 
but ends with a rounded or tapering extremity, 
invested with its sarcolemma, and cohering with 
neighbouring fibres. Unless wlien either is fixed 
to a tendon, both (*xtrcmities of the fibre terminate 
in the way described, so that it has a long cylin- 
drical shape. In some muscles — e.g, the sartorius — 



Fig. 264.— a branched muscular 

FIBRE FROM THE FUOg's TONGUE. 

(Kblliker.) Magnified 650 dia- 
meters. 


^ (t. Schwalbe, Deutsche rned. Wochenschr. 1890; Mayeda, Zeitschr. f. Biol. 1800; also Schwalbe 
and Mayeda, ihiti. 1891. For statistics regarding the diameter of the fibres of different muscles, see 
Halban, Anat. Hefto, iii. 1894. 
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fibres have been measured which are much longer than the dimensions above 
given. 

Uenerally speaking, the fibres neither divide nor anastomose ; but this rule is not without 
exception. In the tongxie of the frog the muscular fibres (fig. 264) as they aj)proach the surface 
divide into numerous branches, by which they are attached to the under-surface of the mucous 
membrane (Kidliker). The same has been .seen in the tongue of man and various animals ; 
and the fibres of the facial muscles of mammals divide in a similar manner where they fix them- 
selves to the skin (Busk and Huxl(;y).‘ 


to 


Structure of the fibres ; sarcolemma. — A muscular fibre may be said 
consist of a soft substance enclosed in a tubular sheath. The latter is named 



Fi(i. 265.— Muscular fibuk of fish. 
SUHSl'ANCF OF FIimK RUPTUHP.I) 
so AS TO EXHIIUT SAKCOLKMM A. 

(Bowman.) 


the sarcolemma. It consists of transparent and 
apparenth^ homogeneous membrane, and, being 
comparatively tough, will sometimes remain 
entire when the included muscular substance 
is ruptured, as represented in figs. 265, 266, 
It is closely applied to the substance of the 
fibre and follows all its changes of shape. It 
is especially well seen in fish and amphibia , for 



Fio. 200. Sarcolemma of mamma- 
lian MUSCLE. (Schiifer.) Iliglily 
magnified. 

Tlie fibre is represented at a place 
wliere the, muscular substance has 
become ruptured and has shrunk 
away, leaving the sarcolemma (with 
a nucleus adhering to it) clear. The 
fibre bad been treated with serum 
acidulated with acetic acid. 



Flo. 207. 'Muscular kirrf. of a mammal 

EXAMINED FRESH IN SERUM. (Sclllifer.) 

Highly magnified. 

This figure was drawn with the surface 
layer of muscular substance accurately 
focussed, the lateral portions having been 
added by gnuiually sinking the focus. 

The nuclei are seen on the fiat at the 
surface of the fibre, and in profile at the 
edges. 


in these it is thicker and stronger than in mammalian muscle, in which it is more 
difficult to render evident but nevertheless always exists (fig. 266). Nuclei are 
found on the inner surface of the sarcolemma, but these belong rather to the 
contractile substance than to the enclosing membrane, and will be afterwards 
more fully described. 

CroBS-Btriated BubBtance. — When viewed by transmitted light even with 
a comparatively low power of the microscope, the fibres, which are clear and pellucid 
in aspect, appear marked with parallel stripes or bands alternately light and dark 
passing across them with great regularity (fig. 267), and this not only at the surface 

^ Transl. of Kblliker’a Gewebelehre. 
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but, as may be seen by altering the focus of the microscope, throughout its substance 
also. In a moderately extended fibre about eight or nine dark and as many light 
bands may be counted in the length of 0*025 mm. (i o’oo inch), which would make 
each complete stripe about 3 ft. But whilst this may be assigned as their usual 
measurement in human muscle, they are in different parts found to be much 
narrower, so that not infrequently there are twice as many in the space mentioned. 
This closer approximation always characterises contracted parts of the fibre. The 
cross-striped appearance is found in all the skeletal muscles ; but it is not confined 
to them, for it is seen in cardiac muscle, and striped fibres are also found in 
other viscera, such as the pharynx and upper part of the gullet. 

When the muscular fibres are deeply focussed, the appearance of the striae 
becomes somewhat altered, and a fine line, often dotted, is seen passing across 
the middle of each light band (see fig. 268). This is termed Dobie\s line {disque 
mince, Zwischenseheihe, Z), and it has been supposed to represent a membrane 



Fic. 2 ()S. — Portion ok a human 

MUSCULAR FIKRK SHOWIN(i DorIE’S 
LINE IN THE MIDDLE OF THE 
CLEAR RAND. (Sluirpey.) 
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Pkl ‘260. — Small portion of a 
HUMAN muscular FIBRE TEASED 
INTO LONC.ITUDINAL FRAGMENTS. 

(Sharpoy.) Magnilied about 800 
diameters. 

G, b, c, larger and smaller groups 
of librila ; d, ultimate fibrils. 


stretching across the fibre and attached at the surface to the sarcolemma. 
The line is, however, not visible in the most superficial planes of the fibre, and 
although there certainly are membranes crossing the fibrils at about this situation 
(membranes of Krause), they are not seen in the intact fibres, but only when these 
are dissociated into fibrils or after they have been treated with certain reagents. 
There is reason to believe that the appearance of a dotted line in this situation 
ill the fresh intact fibre is due to the peculiar optical conditions of the tissue. 

A fine clear line is sometimes to be seen in the middle of each dark band. This 
was first noticed by Hensen, and is named the line or disc of Hensen (Mittelscheihe, 31), 
In certain foci it is dark instead of light. 

The proper substance of the fibre presents, besides the transverse bands, an 
appearance of longitudinal striation. On separating the fibres with needles, 
especially after hardening in alcohol, they may be broken up into fine longitudinal 
elements, single or in bundles, which run from end to end of the fibres (figs. 269, 
270). These are the fibrils : the groups of fibrils have been termed muscle-columns 
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(Kolliker) or sarcostyles * ; but these terms have also been applied to the individual 
fibrils. Each fibril appears to consist of a row of elongated rod-like cylindrical or 
prismatic darker particles, joined together end to end by a clearer substance and 
separated from one another laterally by a material termed sarcoplasm. The sarco- 
plasm in longitudinal view produces the appearance of fine lines, sometimes with 
varicosities or dots upon them (figs. 267, 271), running with great regularity along 
the fibre. It lies in larger amount between the groups of fibrils, and in transverse 
section takes on the appearance of a network. The rod-like darker parts of the 



UMOl 


FlO. 270.--FKAOMKNT OF CUAli’s MUSCLK, 
SPLITTING INTO FIBRILS. (Schilfcr.) 

(iOO diameters. 



Fig. *27*2. — Muscular fihre of leg of 
Vespa vui.garis after short treatment 

WITH DILUTE FORMIC ACID. (Scll.'ifer.) 

S, sarcolemma ; 7), dot-like enlargement 
of sarcoplasm; A", Krause’s membrane. 



Fig. ‘271. — liiviNo leg-muscle of water- 

DEETLE (DvTISCUS MAROINALIS), (Schlifer.) 

Highly magnified. 

o, dim stripe ; h, briglit stripe witli rows 
of dots, which are enlargements or thicken- 
ings on tlie longitudinal 8ei)ta of sarcoplasm. 
Tliese sei)ta are re}ireBented by the longi- 
tudinal lines. The continuity of these lines 
through the briglit stripe is diflicult to see 
in the fresh fibre, but after treatment witli 
acid it becomes quite distinct (see fig. 27‘2). 

fibrils form by their lateral juxtaposition 
the dark stripes, and the clearer substance 
which unites them longitudinally forms 
the light stripe ; the darker parts of the 
fibril were termed sarcous elements by 
Bowman.^ 


Under certain circumstances the fibres 
show a tendency to cleave across in a direction parallel to the bands, and even 
to break up into transverse plates or discs, which are formed by the lateral cohesion 
of the sarcous elements of adjacent fibrils. To make up such a disc, therefore, 
every fibril contributes a particle, which coheres with its neighbours on each side, 
and this with perfect regularity. 


From a consideration of this fact Bowman was led to conclude the 8ubdivi.sion of a 
fibre into fibrils to be merely a phenomenon of the same kind as the separation into discs, 
only of more common occurrence, the cleavage in the latter case taking place longitudinally 
instead of transversely ; accordingly, he came to the conclusion that the ‘ fibrillas ’ have no 
existence as such in the fibre, any more than the discs ; but that both the one and the other 
owe their origin to the regular arrangement of the particles of the fibre (sarcous elements) 


^ (rdp{, muscle ; (ttCAos, a column. Schiifey, Proc. Roy. Soc. xlix. 1891 ; Int. Monthly Journ. of 
Anat. and Physiol, viii. 1891. 

2 Phil. Trans. 1840. 

VOL. II. PART I. 
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longitudinally and tranHyersely, whereby, on the application of a severing force, it cleaves in the 
one or in the other direction. That this conclusion was erroneous, however, is shown by the fact 
that a fibre can be easily dissociated into longitudinal elements after death even without the 
action of any reagents, but not into discs ; and also by the fact that in certain muscular 
fibres (those which move the wings of many insects) a s(;paration into fibrils can be obtained 
even in the living and contractile condition of the fibre. Tn these muscles, in consequence 
of the large amount of interstitial substance (sarcoplasm) between the fibrils, the fibre never 
under any circumstances cleaves across into discs. 

According to J. Arnold, the glycogen of muscle is confined to the sarcoplasm. Holmgren has 
described a trophospongium ‘ within the sarcoplasm of voluntary muscle, but its existence is 
denied by Arnold.* 

If a transverse section of a muscular fibre (figs. 273, 274), or tlie surface of a 
separated disc, is examined with a high power, it appears to be marked out into 
small polygonal areas separated by fine lines which, in acid preparations, have 
the appearance of a network (fig. 275). The smallest of these areas, known as 
CohnlieM s areas, represent sections of muscle-columns, and the lines between them 
represent the intercolumnar substance or sarcoplasm. The lines of the network 
are usually coarser near the surfaces of sucli a disc, because, as will immediately 



Kio. Fkj. ‘274. Fi({. ‘275. 


Fio. ‘27S. — Tuanhvkusk section of a mammalian musculaic FiiiUK siiowiNo Coiiniieim’s 

AREAS. (Schiifer.) 

Alcohol preparation. Three nuclei arc visible under the sarcolemma. 

Fio. ‘274. — Transverse section of leo-muscee firue of an insect, stained with uold 

on LORI DE. (Schiifer.) 

The sarcoplasm is here stained, and appears in the form of a network, in the meshes of 
whicli lie the sections of tlie fibrils. Notice the mottled appearance of the sections of the 
sarcostyles or fibrils, indicating a porous structure, as in the wing-fibrils (see tig. 288). The 
central [U'otoplasm (with a nucleus) is also evident. (From a photograph.) 

Fio. 275. A separate disc from a preparation like that shown in fig. 277, seen 

PARTLY FROM THE SURFACE AND EXHIRITINO THE SAIU’OPI.ASM WITH WHAT APPEARS TO BE 

A RETICULAR ARRANGEMENT. FroM EEG-MUSCLE OF FtEROSTICHUS NIGER. (Scliafcr.) 

be explained, the sarcoplasm is increased in amount at regular intervals, corre- 
sponding with constrictions in the fibrils ; by alteration of the focus, however, the 
appearance of a network can be made out through the whole thickness of the disc. 

Although such a network as the one which is shown in fig. 275, with polygonal 
meshes, is characteristic of the transverse section of the muscular fibres of verte- 
brates and of those of some insects, the fibres of many insects have the appearance 
in transverse section which is shown in fig. 276, in which the lines of the apparent 
network — i.c. of the sarcoplasm — arc disposed radially, and the muscle-columns 
also therefore have a radial disposition and a flattened shape. They are, however, 
subdivided by secondary septa of sarcoplasm (fig. 276a). Different muscles show 
considerable variety as to the conformation of the sarcostyles and the amount 


' Arch. f. mikr. Anat. Ixxi. 1907. 


* Ibid. Ixxiii. 1909. 
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of sarcoplasm between them, some having a very large amount of sarcoplasm, 
others very little, so that in these the intertibrillar substance is almost invisible. 

When a muscular fibre is examined in the fresh condition in serum, fine longi- 
tudinal lines are seen, as before mentioned, running through the cross stria) (see 
fig. 271). Under favourable conditions, and especially after the action of weak 

acid, which swells the muscular substance 
and renders it clearer and more trans- 
parent, these lines become more distinct 
and can be traced from end to end of 




Fig. 27(3. — Transverse section of a leg-muscle 

FIBRE OF DyTISCUS, SHOWING RADIAL ARRANGE- 
MENT OF SARCOPLASM AND SARCOSTYLES. 

(Schafer.) 

The nuclei of insect-muscle lie in a proto- 
plasmic mass in tlie middle of the fibre. Tlic lines re- 
present the sarcoplasm, the clear intervals between, 
the radial columns of fibrils. 


Fig. 276a. — Portion of transverse 
SECTION similar TO THAT SHOWN 
IN FIG. 276, MORE HIGHLY MAGNIFIED 
TO SHOW THE RADIAL COLUMNS OF 
FIBRILS WITH THE MORE DARKLY 
STAINED SARCOPLASM BETWEEN THEM. 

(Schiifer.) 


the fibre (figs. 272, 277, 278, 279). By careful focussing it can be made out 
tliat the lines are tlie optical section of the planes of separation between the 
sarcostyles ; that is to say, they are the optical effect of tlie interfibrillar substance 
or sarcoplasm. The sarcoplasm, then, has, in transverse section of the fibre, the 
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Fig. 277. — Leg-muscle fibre of JIarpalus 

RUFICORNIS TREATED WITH DILUTE ACID, 
SHOWING A TENDENCY TO BREAK ACROSS 
INTO DISCS. (Schiifer.) 

The sarcoplasm is in the form of fine 
lines. The ordinary dark stripes of the fibre 
have disappeared in the acid. 



Fig. 278. — Part of a leg-muscle fibre op 
Vespa fixed with alcohol and after- 
wards STAINED. (Schiifer.) 

The rows of sarcoua elements which form 
the dark stripes arc stained (S.E.) ; the sarco- 
plasm has the usual appearance of longitudinal 
lines and dots. The lines produced by the 
juxtaposed membranes of Krause are just 
visible (K.). 


appearance of a network ; in longitudinal optical section the appearance of fine 
parallel lines ; both these appearances are exhibited in the disc shown in fig. 275. 
It may easily be understood how these two effects would be produced by the 
presence of a small amount of interstitial substance lying between closely packed 
prismatic columns. 
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In most muscular fibres the sarcoplasm further exhibits a peculiarity of arrange- 
ment which has a very characteristic influence upon the optical appearance of the 
fibre. As is shown in the longitudinal view of the fresh muscle (fig. 271) and 
still more strikingly in the longitudinal view of the muscle which has been treated 
with acid (fig. 272), the lines which represent the intercolumnar sarcoplasm 

exhibit enlargements at regular intervals upon 
their course. These enlargements lie in the 
bright cross striie, either near its junction with 
the dim cross striae as shown in fig. 271, or in 
its middle opposite the constricted part : in the 
former case the ('nlargements form a double row 
in each bright stria, in the latter case they may 
be blended into a single row (fig. 280). In the 
longitudinal optical section these enlargements of 
sarcoplasm have the appearance of dots upon the 
fine longitudinal lines which riui through the 
musch^ ; in the more extended fibres or parts of 
a fibre, these dots are in double rows, in less 
extended parts they are thicker and blend 
together in the middle of tlu^ bright stria ; this 
difference is well exhibited in fig. 285 at the 
parts marked E and I respectively. Of course, 
wherever there is an increase in the sarcoplasm, 
as represented by the enlargements, the fibrils 
between which the sarcoplasm is situated must 
have corresponding constrictions, or, in other 
words, the lateral juxtaposition of varicose or 
moniliform fibrils causes an accumulation of sarcoplasm opposite to the indenta- 
tions of the fibrils : this may b(^ readily understood by reference to fig. 280. 

The dots of the longitudinal view correspond, th(‘refore, to the coarser transverse 
networks which are seen near the surface of the separated discs (fig. 275), while 
the fine lines of the longitudinal view correspond to the more delicate network 
seen in other and deeper planes of the discs. 

It is also clear from what has been said that 
tliese rectilinear appearances do not denote the 
presence of a network of filaments, but are the 
optical effect of septa separating the varicose 
fibrils or sarcostyles, which septa, at the level of 
the apparent dots, are thickened by the accumu- 
lation of a larger amount of sarcoplasm. 

Ill niuscular libres which have been treated first with 
acid and afterwards with chloride of gold, and which 
have been placed in formic acid for twenty-four hours, 
or until the gold has become reduced in the tissue, the 
sarcoplasm becomes stained of a dark violet colour, 
while all the rest of the muscular substance remains 
unstained (Cohnheim’s method). The reticular appear- 
ances are thereby rendered very distinct, and at one 
time led to the belief that the muscle-substance consists 
of a contractile reticulum composed 'of longitudinal 
filaments and transverse networks, and enclosing in its meshes a non-contractile fluid 
substance (enchylemay Carnoy), which is continuous in every direction in the fibre. But it 
can be proved, as will be seen immediately when the structure of the wing-muscles of insects 
is considered, that the inter-reticular substance (i-.e. the substance forming the sarcostyles 
and fibrilal is undoubtedly actively contractile, whereas it is by no means clear that the 



FlO. 280. — P.VRT OF A CONTRACTED 
FIBRE OF INSECT-MUSCLE (lEO) 
TREATED WITH VINE(iAR. (Schiifer.) 

The moniliform appearance of the 
sarcostyles and the accumulations of 
the sarcoplasm opposite their con- 
strictions are well seen. The ordinary 
cross striation is not visible. 


A B 



Fid. 270. Part of j.kcumusci.k 

FIBRE OF INSECT IN EXTENDED (A ) 
AND CON'I'HACTEI) (B) CONDITION 
RESPECTIVELY. Stained with 
gold by Kollett’s inelhod. 
(Schiifer.) 

In A nine fibrils arc represented; 
in B only six. The membranes of 
Krause are not sliowu. In A the 
sarcoplasm is represented as dark 
lines, in B as liglit lines. 
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apparent reticulum or sarcoplasm possesses contractility at all. Since, however, it is in all 
probability of protoplasmic nature it may possess a slow contractility. Careful observation 
with the highest powers distinctly shows that the filaments of the reticulum are actually 
septa which subdivide the fibre into longitudinal elements, and are not fibres of a reticulum, 
as was thought by Carnoy, Cajal, and others. 


Structure of the wingr-muscles of Insects. — The wing-muscles of insects 
may be looked upon as furnisliing the key to the proper understanding of the structure 
of muscle. Although often regarded as a contractile tissue sui generis, they in fact 
agree in all essential particulars of structure with the ordinary muscles. Moreover, 
in some insects they are replaced by muscles of the ordinary type, and in others 
muscular fibres occur which may be regarded as transitional forms between the 
wing-fibres and ordinary fibres. The wing-fibres are bundles of large fibrils (often 
termed sarcostyles) which are imbedded in a considerable amount of sarcoplasm 
containing peculiar granules, the whole 
being enclosed within a sarcolemma. 

The nuclei of the fibre are scattered 
here and there in a central mass of 


sarcoplasm. " The sarcoplasm has many 
of the characters of cell-protoplasm. 
Amongst these characters is that of 
staining with chloride, of gold, by 
Cohnheim’s method, in which respc'ct 
the sarcoj3lasm of the wing- muscles 
resembles that which forms the 
apparent reticulum of ordinary 
muscles. The main difiereiice betwe(*n 
them is one of amount, the quantity of 
sarcoplasm in the wing-muscles l)eing 
relatively far greater than in the 
ordinary muscles. 

Rolletl ' introduced a modification of the 
gold method, by wliich, under hxvourable 
circumstances, it is possible to obtain the 
fibrils (at least their sareous elements) 
deeply stained and the sarcoplasm colourless. 
This method, although preearious, alTords 
when successfid a valuable means of 
elucidating the minute structure of the 
musele-libril.* 





Flo. 2S1. Fihkils of thk wi.\(i-Mi:KCLEs of a 


When a living wing-fibre is 
broken up with needles in a small 
drop of white of egg, the sarcostyles 
become easily separated from the 
sarcoplasm which surrounds them. 


WASP, PUEPAUEI) BY RoET.KTT’s METm)D. 
(Sc.lliifer.) (From photographs.) Magnified 
about 2000 diameters. 

A, a contracted fibril. B, a stretched fibril, with 
its sareous elements separated at the line of Hensen, 
C, an uricontracted fibril, sliowing a porous structure 
of the sareous elements. 


and they can then be studied 

independently of that substance. And, as has already been intimated, they can, 
under these circunistances, be seen to contract, whereas the sarcoplasm gives no 
sign of contractility : they therefore form the active portion of the fibre. The 
intimate structure of the sarcostyles can be advantageously investigated in such 
isolated elements, and this both in the living condition and after treatment of 
these muscles with reagents, especially by Rollett’s gold chloride method (fig. 281), 


^ A. Rollott, Denkschr. d. Wiener Akad. 1885. 

For a description of Rollett’s method, see Essentials of Histology, 8th edition# 
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In the living condition they show, as in the ordinary muscles, alternations of 
bright and dim striae (fig. 282, C, 1)). Each bright stria is bisected by a line which is 
the optical section of a transverse septum (membrane of Krause). These septa 
thus divide the fibre into a series of segments, known as sarcomeres (Schafer), 

Each sarcomere can be seen to 
^ contain (1) in the middle a more 

strongly refracting broad disc, the 
sarcous element (Bowman) ; (2) at 
either end (next the membrane of 
Krause) a clear interval occupied 
by less refracting hyaline, suhstance. 
With high powers, and after 
staining by Eollett’s method, the 
sarcous element may be made out to 
be composed of a sarcous suhstance^ 
which stains deeply, and is pierced 
by short tubular canals which 
extend from the clear interval as 
far as the middle of tlie disc 
(figs. 281, 283 and 284) ; these 

canals give it a longitudinally 
striated appearance. Fine longi- 
tudinal stria?, which appear to be due to delicate extensions of the sarcous 
substance, may also, under favourable circumstances, be seen traversing the 
hyaline substance and reaching the membrane of Krause (fig. 281, C). If the 

sarcostyle is extended, the sarcous elements 
separate into two parts, with an interval 
between them (fig. 281, Ji) ; this median 
clear interval corresponds with the line of 
Hensen (p. 176). Conversely, if the muscle 
is contracted the sarcous elements tend to 
encroach on the clear intervals and approach 
the membranes of Krause ; and at the same 
time they are swollen up by the passage of 
the hyaline substance into their pores 
(fig. 284) ; the result of this is that the 


Fig. ‘ 282 . — Fihrii-h of wing-musci.ks ok IlvDiiorMiMis 
PiCKiis. (Kanvior.) mnpiiiied. 

Tlie fibroH aro irj different eonditioiifl of contraction 
and oxtcriHion from A, most contracted, to J), moet 
extended, 

III, mendirancH of Krause; //, line of Hensen; 
e, HarcouH substance ; he, hyaline substance. 
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Fig. 288. — Isolatkd GoLn-sTAiNKD sarcous 

ELKMKNTS OF THE WING-MUSCLES OF 
WASP SHOWN ON THE FLAT AND IN PRO- 
FILE. Untouched photograph. Magnified 
870 diameters. 



Opposite a two sarcous elements are 
seen on the flat ; one is complete, the other 
one is broken. Opposite b several sarcous 
elements are seen in profile. The pores in 
the sarcous elements which are seen as 
clear circles in a appear in h as minute 
tubercles which extend only to the middle 
of the thickness of each sarcous element. 


Fio. ‘284. — Diagram of a sarcomere 

IN A MODERATELY EXTENDED CONDI- 
TION A, AND IN A CONTRACTED CON- 
DITION B. (Schiifer.) 

K, K, membranes of Krause; 
H, plane of Hensen; S.E., poriferous 
sarcous element. 


sarcomeres arc bulged out at their middle and contracted at their ends 
(figs. 281, 282, A, and 284, B). This bulging condition of the contracted sarcomere 
is, however, not always observed ; frequently it retains a cylindrical form in the 
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condition of contraction (fig. 279, B). This appears to be due to the fact that in 
such cases the membranes of Krause become stretched in place of maintaining a 
constriction of the fibril. Nevertheless the mixing of the hyaline substance with 
the sarcous substance takes place as before, and the sarcomere assumes a nearly 
uniform appearance, so that the cross-striations are only faintly manifested ' 
(fig. 282, B). When the sarcostyles are moniliform, in fresh and unstained speci- 
mens the effect of this form upon the light transmitted through the muscle may be 
such that the swollen part looks comparatively clear, while the constricted part has 
a much darker appearance (fig. 282, A) ; and since this constricted part corresponds 
with the middle of the bright stria of the extended muscle, the striie appear to have 
become reversed during contraction ; a supposed phenomenon which was originally 
described by Merkel, in which description he has been followed by many authors. 
In a gold-stained fibre, however, it is easy to see that no such reversal takes place 
in contraction (fig. 281), and the same fact is obvious when contracted muscle is 
viewed by polarised light (see p. 185). 

Comparison of wingr-fibres of insects with ordinary muscle- 
fibres. — The differences of structure between the ordinary muscles of insects and 
the muscular fibres which move the wings are differences of degree only. Thus the 
sarcoplasm is in relatively small amount in the ordinary muscles, as it is in those of 
vertebrates, and shows regular enlargements corresponding with the lessened 
diameter of the sarcomeres opposite the clear substance. These enlargements 
appear as dots or transverse networks according to the point from which they are 
viewed. They are absent in the wing-fibres. Moreover, the fibrils, probably on 
account of the smaller amount of sarcoplasm, are dilficidt or impossible of isola- 
tion in the living condition in the leg-fibres, easy in the wing-fibres. But, like the 
fibrils (sarcostyles) of the wing-muscles, they are divided into segments or sarco- 
meres, at regular intervals corresponding with the middle of the bright strue, 
by transverse membranes (membranes of Krause), whitdi can be brought distinctly 
into view on the addition of dilute acid to the fresh or alcohol-fixed muscle 
(fig. 272, K). Each sarcomere contains a sarcous element, usually rod-like in form 
with hyaline substance l)etween the sarcous element and the membrane of Krause 
at either end of the segment ; this membrane may be merely represented by a dot 
(figs. 269, 270) ; the middle of the sarcous element when the muscular fibre is extended 
shows a clear line or interruption, as in the wing-element — the line of Hensen. 

As in the wing-sarcostyles, the proportionate amounts of the sarcomere occupied 
respectively by the sarcous clement and the clear intervals vary greatly, according 
to the condition of extension or contraction of the muscle. In contracted fibres the 
sarcous elements enlarge and approach the transverse membranes, and the clear 
intervals diminish proportionately, their fluid being imbibed by the sarcous element ; 
while in extended fibres the sarcous elements become removed from the transverse 
membranes and narrowed, and the clear intervals become pari passu longer. 

The ends of the sarcous element in some fibres appear detached, forming a 
row of dot-like portions of sarcous substance in the line of the fibril, and collectively 
producing the so-called ‘ accessory discs," lying in the clear substance on either 
side of Dobie"s line. But some structures which have been described as acces- 
sory discs in these muscles are merely the sarcoplasmic enlargements, which, 
as already stated, frequently appear as dots in longitudinal view ; this is the case 
with the fibre represented in fig. 278. 

An important influence upon the optical appearances of the ordinary muscular 
fibres is exerted by these sarcoplasmic accumulations (transverse networks), which 
lie, as we have seen, in the region of the bright stripe (clear interval of the 

^ Ranvier, Levons sur le syst^me inusculaire, 1880, and Trait6 technique, 1889 ; Holmgren, Arch, 
f. mikr. Anat. Ixxi. 1907. 
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sarcomere), and have in optical section the appearance of rows of dark-looking dots. 
When these dots are carefully regarded they seem each to be surrounded by a 
bright halo (figs. 271, 285, E), which is apparently due to the manner in which 
they refract the light which is transmitted through the muscle, much in the same 
way as an oil-globule or an albuminous granule, when viewed in water under a 
high power of the microscope, appears, when it is exactly focussed, to be surrounded 
by a bright area. Since each dot is encircled by a bright halo, and the dots are 
arranged in regular rows, the haloes become blended into a stripe, which is much 
brighter than the rest of the muscle-substance. This seems to be in part the cause 
of the very bright appearance of the clear bands of fresh muscle, although the 
effect is increased by reflection from the surfaces of the more highly refracting 
dark discs. ‘ 

When these (ordinary) muscles of insects contract, the sarcous elements, as 
in the wing-muscles, become wider and may be bulged out and shortened, while 

the fluid of the clear intervals is simultane- 
ously diminished in amount. The ends of 
the sarcomeres opposite the membranes 
of Krause may remain smaller than their 
middle part, in which case the fibrils become 
moniliform. 

This alteration in shape of the fibrils neces- 
sarily affects the sarcoplasm which lies in their 
interstices, which must become squeezed out 
of the parts which are opposite the bulgings 
of the fibrils and into the parts which are 
opposite their constrictions. In other words, 
the sarcoplasm must accumulate in greater 
quantity opposite the clear bands and the 
membranes of Krause, and must diminish in 
amount opposite the sarcous elements. This 
is, in fact, what can be seen to take place. In 
fig. 280 a contracted portion of muscle in which 
the sarcoplasm has been rendered evident by 
acid is represented, and it is seen that the 
sarcoplasm is accumulated opposite the trans- 
verse membranes where the sarcostyles are 
relatively narrow.'^ 

In the living muscle also this change in the 
position of the sarcoplasm during contraction 
can, with care, be observed to take place (fig. 285). In this case, also, as in the 
wing-fibrils, the deeply moniliform shape of the fibrils tends to cause the 
constricted parts to appear dark, the bulged parts light in comparison, so that 
the effect of reversal of the striae is obtained. But in the ordinary or leg 
muscles this effect is materially increased, and the contrast between the dark and 
light strioe of the contracted muscle is greatly enhanced by the effect of the sarco- 
plasmic accumulations opposite the constrictions. For in the first place these 
themselves tend to produce the appearance of dark lines or planes passing across the 
fibre, and, secondly, the reflected light from their surfaces causes the muscular sub- 
stance between these planes to appear brighter than would otherwise be the case. 

Holmgren has shown that the sarcoplasm of muscle contains specific granules, 
which in many muscles assume a very regular arrangement. Where the sarcoplasm 

' Schafer, Phil. Trans. 1877. 

* Cf. G, Betzius, Biol. Unters. 1890, and E. Holmgren, op. rit. and Anat. Anz. xxxi. 1907. 



Fia. 285. — Wave of contraction pass- 
ing OVER A MUSCULAR FIBRE OF 
Dytiscus. (Schiifer.) Very highly 
magnified. 

E, E, portions of fibre extended ; C, con- 
tracted part ; I, intermediate condition. 
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is abundant the main granules lie opj)osite the sarcous element, others lying 
opposite the isotropous substance. He considers that there may occur an 
exchange of material between the sarcoplasm granules and the contents of the 
sarcostyle. In insect-muscle the tracheae not only encircle the fibres but pierce 
the sarcolemma and ramify in the sarcoplasm. The cells which are concerned with 
the formation of these intramuscular traclune are regarded by Holmgren as the 
equivalent of the trophospongial cells which he has described as penetrating into 
other tissue elements. 

In alcohol-preparations (both of the wing-muscles and of the ordinary or leg 
muscles) in which the sarcous elements have been stained, there is no appearance 
of reversal of striation ; the darkly coloured sarcous element always occupies the 
central or bulged part of the sarcomere, and the unstained hyaline substance 
occupies the constricted parts of the sarcostyles ; but if the whole of the hyaline 
substance is absorbed into the sarcous 
element the contracted sarcomere has 
a nearly uniform appearance. 

Appearances of muscle under 
polarised ligrht. — It was noticed by 
Boeck that, like some of the other 
tissues, muscle is doubly refracting 
(anisotropous). Briicke, however, was 
the first to point out that the fibre is 
not composed entirely of anisotropous 
substance, but that there is in addi- 
tion a singly refracting or isotropous 
material. In extended fibres or parts 
of fibres, especially those which have 
been fixed by alcohol and mounted 
in Canada balsam, the fibre appears 
when examined between crossed nicol 
prisms to be marked by alternating 
broad bars of light (anisotropous) and 
dark (isotropous) substance, the former 
corresponding in position to the sar- 
cous elements, the latter to the clear 
intervals of the fibrils. (In the wing- 
muscles also, the sarcous elements of 280.--Leo-mu8clk fibre of Chbysomela 

, 1 1 -1 V ' I ^ 1 COKRULEA WITH (FIXED) CONTRACTION WAVE, 

the extended nbril appear bright, and photographed under polarising microscope.^ 
the clear intervals, including K.rause S A, with uncroHsed nicola; B, with crossed nicols. 
membrane, are dark when viewed with 

crossed nicols. The effect of single wing-fibrils is, however, faint owing to their 
relatively small diameter.) In less extended parts of the fibre, the dark or 
isotropous bands become relatively narrower until in the contracted parts they are 
reduced to comparatively narrow bands, with relatively broad bright (anisotropous) 
intervals (fig. 286). As Engelmann has clearly shown, there is no reversal of the 
anisotropous and isotropous bands in polarised light, a fact of some significance 
as indicating that the reversal which appears to occur when the fibre is examined 
by ordinary light is really, as has been already explained, an optical effect, and is 
not caused by a reversal in the relative position within the sarcomere of the 
substance of the sarcous elements and the clear intervals (see below. Theory of 
Merkel). The result, therefore, of the examination of muscle under polarised 
light is confirmatory of the deductions which may be drawn regarding its structure 

' I am indebted to tlie late Professor Engelmann for these two photographs. 
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and the changes which occur in contraction, from the appearance of stained pre- 
parations, and tends to show that the gold-staining substance of the fibrils — the 
substance which forms the sarcous elements — is anisotropous, while the substance 
or fluid of the clear substance as well as the sarcoplasm is isotropous. In muscles 
which have been treated with acid, by which the sarcous elements are destroyed, 
all appearance of double refraction is found to have disappeared. 

Living or fresh muscular fibres of the ordinary variety usually appear bright 
throughout when examined under crossed nicols (fig. 287). This is due to the fact 
that owing to their thickness and to compression to which tliey are subject in 
examination the planes of the strije generally lie somewhat obliquely, and the 
polarised light which traverses the fibre must necessarily pass at some level through 
anisotropous substance. Under these circumstances there is no dark portion of 
tlie field visil)le over the fibre. 

It has been shown by Ranvier that the appearance of a tissue under polarised 
light affords, when taken by itself, no sure guide to its structure. The same tissue 

or part of a tissue may appear either light or 
dark between crossed nicols, according to the 
direction and character of the ‘ stress ' to which 
it may have been exposed, in the same way 
that a film of indiarubber, which is normally 
isotropous, becomes anisotropous when stretched. 
Looked at, however, in conjunction with other 
facts, and especially with the results of 
differential methods of staining, the appearance 
under polarised light affords important con- 
firmation of the deductions which can l)e drawn 
regarding structure by the employment of these 
methods ; this is exhibited by the observations upon muscle which have just 
been alluded to. 

Briicke applied the theory of Bartholin — invented to explain the phenomena 
of double refraction in crystals of Iceland spar, and which supposes that those 
crystals are compounded of minute doubly refracting particles (disdiaclasts) — to 
the doubly refracting substance of muscle, and gave the same name (disdiaclasts) 
to the particles of which he supposed that substance to be composed, and which 
act upon the light like positive, uniaxial, doubly refracting crystals. Under certain 
circumstances, as after the action of water or salt solution, part of the muscular 
substance breaks down into a cloud of fine doubly refracting particles which are 
either themselves the disdiaclasts or represent groups of them. 

Historical. — Until Bowman published, in the Philosophical Transactions for 1840, his 
important work on the siructure of muscle, the subject was extremely obscure. The view which 
Bowman took of the constitution of muscular substance — namely, that it is composed of a series 
of particles joined together closely side by side into ‘discs,’ and less intimately united end to end 
into ‘ fibrils ’ — for some years occupied a dominant position in this branch of histology. Kiilliker, 
however (1851), laying stress upon the fact that the muscular substance is much more apt to 
break up into ‘ fibrils ’ than into ‘ discs,’ looked upon the appearance of the latter as altogether 
secondary, and regarded the ‘ fibrils ’ as the actual elements of the muscle, the alternate dark 
and light portions in the course of each fibril being of essentially the same nature, although 
differing somewhat in their optical properties. Afterwards (1867), recognising that the so-called 
fibrils jiiight be composed of finer elements, or ultimate fibrils, Kiilliker was led to term the 
structures formerly known as fibrils ‘ muscle-columns,’ the areas of Cohnheim representing the 
transverse sections of those columns. 

W. Krause (18(>8) introduced a new idea into the conception of the structure of the muscle- 
fibril, by looking upon the intermediate line in the light stripe as a membrane dividing the fibril 
up into small compartments or cases (4/ 7/.sATZ-M**/rAen) (fig. 288, A), h’.ach such case contains, 
according to Krause, a portion of the dark disc (muscle-prism) in its middle part, and portions 
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of the light discs (fluid) at either end, and Krause supposed that in contraction this fluid changes 
its situation, becoming shifted to the periphery of the dark substance, and that in this way the 
muscle is diminished in length, and proportionately increased in breadth (fig. 288, B). Subse- 
quently, however, recognising the existence of longitudinal stria-, which ho regarded as duo 
to rod -like structures, within the muscle-prism, Krause described the fluid as passing between 
these and separating them more from one another during contraction (fig. 288 C). About the 
same time (18()8) Hensen described the stripe which bears his name. 

The next prominent writer upon the subject was Merkel (1872), wlio believed the transverse 
membranes of Krause to be double, and corroborated Hensen’s description of the existence of 
a line or disc in the middle of the dark stria. But the most prominent feature in Merkel’s 
account occurs in his description of the process of contraction. According to Merkel, the aniso- 
tropous substance of the dark stria first becomes diffused over the whole muscle-compartment, 
so that the fibre acquires a homogeneous appearance, and at a later stage becomes accumu- 
lated against the transverse jnembrancs, while the isotropous substance on the other hand is 
accumulated on either side of Hensen’s disc : the position of the two substances being thus 
reversed. 

Merkel was followed by Engelniann (187.3), according to whose terminology, which has been 
adopted by most subsequent German writers, a muscular tibre consists of a succession of super- 
imposed parts or comj)artmcnts, which are jiartitioned off from one another by thin discs or 
membranes — iniennediaic di-^^ca (Zwischenscheiben, Z). Within each compartment thus marked 
off is a series of layers, varying in their refractive powder and in their action u})on polarised light, 
as follows : Next to the intermediate disc or membrane of Krause comes a layer of isotro^mus 
clear substance (.1), within which may sometimes bo distinguislied a thin disc of darker substance, 
having the a[)poarance of a line of dots : this is the accessort^ disc (Nebcnscheibc, N)or gramde- 
layer of Fh'igel ; then comes the broad disc of 
anisotropous substance (()iierschcibe, Q) or 
principal disc, occupying the greater portion 
of the muscle-compartment, and bisected by 
a narrow pale disc, which lies exactly in the 
middle of the compartment, and is distin- 
guished as the middle disc (Mittclseheilx', M) 
or hand of Hensen. Beyond the princi])al disc 
come in inverse succession isotropoiis sub- 
stance with accessory disc, and internn'diate 
disc, and so on in the next compartment. 

When contraction is about to supervene 
in any part of a muscular libie, the changes 
which (according to Engclmann) may be observed are the following : The intermediate discs 
approach one another and the successive discs within each muscle-com])artment become less dis- 
tinct, so that the tibn; loses in great measure at the part in question (that namely in which the 
contraction is beginning) its striated aj)pearance, this being due to the passage of the isotropous 
substance into the anisotropous substance. The stage in question is termed the homo- 
geneous stage. As the contraction progresses, transverse siriflo again make their appearance, 
in consequence of the gradual darkening of the accessory discs and concomitant clearing u]) 
of the principal disc, so that now' each intermediate disc w ith its juxtaposed accessory disc forms 
a dark isotropous band, these alternating with the narrowed and now' bright-looking principal 
discs of anisotropous substance. The reversal of the stria? in contracting muscle was ascribed 
by Engelmann to changes in refrangibility in the several substances which conii)Ose the discs 
of the muscle-compartment, accompanied by an increase in the volume of the principal disc at 
the expense of the isotropous substance, and not, as Merkel had supposed to be the case, to an 
exchange of position between isotropous and anisotropous substance. 

Both Merkel and Engelmann attached considerable importance to the occurrence of the inter- 
mediate stage, in which the stria? become indistinct. It may be caused in part by the absorp- 
tion of the isotropous by anisotropous substance, but it is probable that the homogeneous 
appearance of that part of the ordinary fibres which is passing into or out of full contraction 
is often produced by a longitudinal shifting of the fibrils, owing to their being unequally pulled 
upon by the more contracted part. A similar mechanical shifting of the fibrils, accompanied 
by indistinctness of transverse striation of the fibre, is frequently produced in teasing the tissue. 
Moreover, the so-called homogeneous stage is not always observed cither in the contraction 
of the ordinary muscles or in the isolated fibrils of the wing-muscles. 

Heitzmann (in 1873) noticed the reticular appearances of muscle which had been treated 
with gold and acid, but these appearances were first fully described by G. Retzius in 1881. 


A. JJ C 



Fn;. 288. - 1)IA(}RAMM.\T1(' UEPUKSKNTATION OF A 
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A, at rest; B, condition in contraction, first 
view ; C, condition in contraction, second view, 
on. muscle-prism, consisting of a bundle of muscle- 
rods ; /«, Iluid isotropous substance. 
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The theory of the constitution of cell-protoplasm of a contractile reticulum and enchylcina (see 
p. 18), which was about this time prevalent, had a marked intluencc u^jon the views which now 
ca?ne to beheld regarding the structure of muscle. Various observers (Melland, C. T. Marshall, 
Van (lehuchton, and llarndn y Cajal), who during the next five or six years investigated 
the structure of muscle, mainly Avith the aid of acid and gold preparations, regarded the appear- 
ances of these preparations as proving the existence of a contractile reticulum in muscle, and 
concluded that the material in the meshes of the supposed reticulum — that is to sa}', the whole 
of the muscle-fibrils — must represent the enchylcina of protoy)lasm. The breaking-up of the 
so-called inter-reticular substance into muscle- fibrils they regarded as purely artificial. 

But the researches of Holhdt, which were published in 1885 and 188f>,‘ showed any such 
view to bo untenable, and brought the matter back to the former standpoint. The results of 
th<*se researches tended to demonstrate that the filaments of the so-called ‘ reticulum ’ of the 
above-mentioned authors are neither more nor less tlian the septa of sarcoplasm which intervenes 
between columns of the muscle-substance ; that these columns (fibrils) pre-exist in muscle, 
and are th(5 actual contractile elements of the muscle ; and that the sarco[)lasm between them 
may rcjircsent the undifl'orentiatcd remains of the protoplasm of the original cell from which 
the muscular lllire has been developed. 

11 aycraft ( 1801) regarded the various cross-markings upon muscle as due entirely to the 
optii^al eflect caused by varicosities in the fibrils upon the light which is traversing them. As 
siiovving that this view is tenable, Haycraft found that perfectly similar appearances of cross- 
striation can bo obtained from collodion in which impressions of alcohol-hardened muscle have 
been made, and in which there are certainly no structural differences. But the undoubted 
fact that the sarcous elements stain distinctively with certain reagents which leave the clear 
part of the fibril quite colourless, and (hat, moreover, a special structure can be demonstrated 
in them, proves that the <'X()eriment upon which Haycraft relied, interesting as it undoubtedly is, 
does not justify the' couelusiou he drew from it— -viz. that the fibril is homogeneous throughout.'*^ 

McDougall (1897) “ also assumes a homogeneity of the fibrils, except that lie believes in the 
existence of transverse menihram'S, not only in the situation of 'Dobic’s line, but also at that 
of Henson and at the planes of junction of the singly and doubly ndraeling materials. Ho 
supposes that there is a longitudinally creased inextensible niembrano of a semi-pormeable 
character enclosing the more or less fluid eonti‘nts of the fibril, and that tlirough this by osmosis 
or otherwise water passes into the fibril from the surrounding sarcoplasm. Each sarcomere is 
thereby swollen, tlio swelling occurring to the greate.st extent in the region of the doubly 
refracting substance (owing to the supposed im^xtensibility of Krause’s membrane being greater 
than that of the other transverse membranes), thus producing a shoi'tcning of the sarcomeres, 
liajcr McDougall supposed that the transfcrcnco of water is caused by the development of 
lactic acid either witliin or outside the sarcomere. McDougall’s hypothesis lias been criticised 
by Bernstein,' by Macdonald,’ and liy the author," who have shown that, apart from the 
undoubted fact that histological differentiation can be shown to bo present in the sarcomere, 
the passage of fluid from the sarcoplasm into the .sarcomere is for various reasons not tenable 
as a possible explanation of tlie energy produced in contraction. Nor was McDougall himself 
able to show that the sarcomere eniarges in volume during contraction, as it must do if it 
imbibes water from the sarcoplasm ; moreover, he admits that it is not possible to cause a model 
of such a fibre as he has supposed to exist, to contract to loss than two- thirds of its original 
length, whereas it is known that miuscle may contract to one- third or one-quarter of its length, 
luirther may ho mentioned the fact that the isolated fibrils of the wing-muscles of insects 
undergo contraction when surroumled with other fluids than sarcoplasm, such as salt-solution 
(oven hyper-isotonic), or white of egg. 

Contraction cannot therefore be explained by movement of fluid from outside to within the 
fibrils ; the movement must be movement of fluid from one part of the sarcomere to the other. 
It is universally admitted by those who hold this view that this movement is from the more 
fluid part of tlio sarcomere near the membrane of Krau.se to the less fluid part which form.s the 
sarcous olement.^ Oanting this transfer, the question has yet to be answered, what is the 

' Wimior Dcnkscliriftou, Bde. 49 and 51. 

^ J. B. Haycraft, Proc. Roy. Soc. xlix. 1891. 

^ Jourii. Auat. and Physiol, xxxi. 18U7 and xxxii. 1898; Quart. Journ. Exp. Physiol, iii. 1900. 
McDoiigairs theory lias heeii lately adopted by Mciggs (Amer. Journ. Physiol. 1905, and Zeitschr. f. 
allg. Pliysiol. 1908K 

' Ptliiger’s Archiv, cx. 1905. 

Quart. Journ. Exp. Physiol. 1909, ii. 

Ibid. iii. 1910. See also S. Ciutherz, Arch. f. mikr. Anat. Ixxv. 1910. 

Hiirthle (Pfliiger s Archiv, cxxa i. 1908) has endeavoured to investigate this question in instan- 
taneous pliotographs of living muscle of insect leg, and the measurements which he gives of the dark 
and light stripes in rest and contraction respectively appear not to bear out the generally received view 
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moving cause of the transference of fluid ? As to this, several hypotheses have been put 
forward. An ingenious one is that of Engelinann,' who supposes that, in the development of 
heat in the doubly refracting material in the central part of the sarcomere, its doubly refracting 
particles are able to undergo association with a greater quantity of water, which accordingly 
passes to them from the terminal parts of the sarcomere. This theory was subjected to 
criticism by A. Kick,’ who urged that the amount of heat developed during muscle-contraction, 
even if it is confined to the doubly refracting material, which Fick doubts, is altogether 
inadequate to produce the elTect ascribed to it. 

Another hypothesis supposes the cause of the movement 
of fluid to be an electrical change occurring at the contiguous 
surfaces of the singly and doubly refracting elcmenfs of the 
sarcomere. Such an electrical change would be accoinpanicd 
by alterations in surface tension at the junction of these 
materials, which would lead to the passage of the isotropous 
fluid into or out of the anisotropous material of the sarcous 
element ; ^ and with the porous structure which this is known 
in some muscles to possess, the extent of surface over which 
this change will occur must be relatively large. ^ 

Lastly may be mentioned a hypothesis which has been 
brought forward by Macdonald, founded on the alterations 
which, as he believes, occur in the muscle in the relationship 
between protein molecules and electrolytes. This hypothesis 
rests upon what Macdonald believes to be the fact tliat ‘ the 
onset of contraction is marked by a new appearance of 
potassium salts in the central portion of each sarcomere, 
sufficient to account for a considerable difTerence in osmotic pressure.’ •’ A. B. Macallum had 
previously described the presence of potassium salts in considerable concentration in the 
anisotropous substance of the sarcomere (fig. 289). Macdonald belit^vcs that they only become 
separated out as the result of excitation. The electrical changes would then be the con- 
sequence of the transference of electrolytes, and the thermal change the result of a subsequent 
combustion process. Macdonald has used this hypothesis not only to explain the phenomena of 
muscular contraction, but also in exjflication of the appearance of striated structure generally, 
and brings forward evidence in favour of this view derived from the striations in the 
axis-cylinders of nerves which were originally described by Frohmann (see p. 230).“ 

that the sarcous element increases pari passu witli tlui diminution of the isotropous fluid. But 
his results are not conclusive, for tlic magnification which lie employed was insufficient for exact 
measurements, and the investigation of the question is much more dillicnlt in the massed fibrils of the 
leg-muscles than in the easily isolahle fibrils of the wing-muscles. It is also more than doubtful, 
for reasons which have been already given (p. 184', if the distinction lietwcen sarcous (dement and 
isotropous fluid can be made out with sufficient sharpness in living muscle. 

' Ueber den Ursprung der Muskclkraft, 1893. 

^ Pfiiigcr’s Arcliiv, liii. 1893. 

By a modification of Engelmann’s hypothesis it may be possible to connect such change of surfaces 
tension with a development of heat at the junction of the two materials. Another consideration in 
connexion with this subject is the precipitation and agglomeration of particles which is liable to occur 
in colloidal solutions. The occurrence of these changes in protoplasm and their association with its 
movements has already been referred to (p. 20). Such physico-chemical changes are regarded by 
J. Loeb (Pfliiger’s Archiv, Ixix. 1898; Ixxi. 1898; Ixxv. 1899; .m^e also The Dynamics of Living 
Matter, 1906) as a possible cause of contraction. Ilallilmrton and Brodie found that th (3 
contraction which is produced on gradually heating a muscle occurs in stages which correspond with 
the temperatures of coagulation of its principal protein constituents. 

^ Theories of muscular contraction depending upon rapid changes in surface tension at the junctions 
of dissimilar parts of the fibrils have been suggested by sciveral authors. Amongst these may be 
mentioned d’Arsonval, Arch, de Physiol. 1889; J. Gad, Arch. f. Physiol. 1893 (Verhandl. d. Berl. 
physiol. Gesellsch.) ; Verworn, Allgemeine Physiologic, 1895 ; Imhert, Arch, de Physiol. 1897: and 
J. Bernstein, Pfliiger’a Archiv, Ixxxv. 1901 and cx, 1905. For a consideration of a surface-tension theory 
which assumes the existence of a contact-difference between sarcous element and isotropous fluid (corre- 
sponding with spongioplasm and hyaloplasm of coll-protoplasm) and a discussion of the effect which would 
be produced by the dissociation of ion-proteids at the (contact-surfaces within the sarcomere, the reader 
may consult the paper by T. B. Robertson in the Quart. Journ. Exper. Physiol, ii. 1909, which has 
been already referred to in connexion with amoeboid movement and ciliary action, an(i in which 
it is shown that a similar principle probably underlies all muscular and protoplasmic movement. 
Cf. also on this (juestion Schafer, Proc. Roy. Soc. xlix. p. 193, 1891, ‘ On the structure of amoeboid 
protoplasm with a comparison between the nature of the contractile process in amojboid cells and in 
muscular tissue.’ 

Journ. of Physiol. 1905, xxxii. p. 1. 

For a detailed discussion of the subject, the reader is referred to the paper by Macdonald in the 
Quarterly Journal of Experimental Physiology, 1909, vol. ii. pp. 5-89. See also Proc. Roy. Soc. 1905, 
Vol. B. 76, p. 343. 
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The account given in the text of muscle-structure and of the changes which it undergoes in 
contraction is founded upon a re- investigation by the author ' of the structure of muscle, and 
esjiecially of the muscles of insects, prepared by various methods, but chiefly that of Rollett. 

HXuBcle-nuclei. — In connexion with the cross-striated substance a number 
of clear oval nuclei are found in the fibres. In mammalian muscles they lie mostly 
upon the inner surface of the sarcolemma (figs. 266, 273), but in frogs they are 
distributed through the substance of the fibre, and in many insects they form a 
longitudinal series situated in the middle of the fibre. Associated with and sur- 
rounding them there is a certain amount of protoplasm, not always clearly dis- 
tinguishable. In the unaltered condition the nuclei are not easily seen, but they 
are made conspicuous by the addition of acid. They contain a network of chromatin, 
in which one or two nucleoli are generally visible ; frequently the chromatin of the 
nucleus is in the form of a spiral filament, and the nuclei themselves may be 
spirally contorted. It has been suggested that this is caused by a spiral contraction 
of the fibrils. The nuclei are found in considerable numbers at the tendinous 
attachments of the muscle-fibres, and are also found in a granular protoplasmic 
layer at the place where the motor nerve ends in the fibre (see p. 256). 

Variations of structure in different muscles, correlated with 
differences of function. — In the rabbit, as pointed out by Ranvier ^ and Krause, 
certain of the voluntary muscles present differences in appearance and mode of 
action from the rest. Thus while most of the voluntary muscles have a pale aspect 
and contract energetically when stimulated, some, such as the semi-tendinosus and 
the soleus in the lower limb, are at once distinguished by their deep red colour as 
well as by their slow and prolonged contraction when stimulated. When subjected 
to microscopical examination it is found that in the red muscles the fibres are 
more distinctly striated longitudinally and the transverse striie are more irregular 
than usual. The muscular fibres are generally finer (thinner) than those of the 
ordinary muscles, and have a larger amount of sarcoplasm. The nuclei are more 
numerous and are not confined to the inner surface of the sarcolemma, but occur 
scattered in the thickness of the fibre as well. There is also a difference in the 
blood-supply of the two kinds of muscle, to be afterwards alluded to. 

A similar difference between red and pale muscles may be also seen in the rays 
amongst fishes. In other animals the distinction is not found as regards whole 
muscles, although it may affect individual fibres of a muscle. This is the case, 
as shown by Klein, in the diaphragm, in which in many of the fibres there are 
numerous nuclei, and these are imbedded in protoplasm (sarcoplasm), Avhich forms 
an almost continuous layer underneath the sarcolemma. The distribution of 
the two kinds of fibres in different muscles has been especially investigated by 
(friitzner. ‘ 

In the lin-inuscles of Hippocampus the quantity of sarcoplasm is very considerable in 
proportion to tlie Tuusclc-librils, which are collected into lamellar bundles (sarcostyles) separated 
from the sarcolemma and from one another by a large amount of sarcoplasm. Certain muscles 
of the bat also contain a relatively large quantity of sarcoplasm, which may pcrha])S bear some 
relationship to prolongcil activity on the part of the muscles in question.^ 

Mode of attachment of muscular fibres i ending: of muscle in tendon. 

When a muscle ends in a tendon it is found that the muscular fibres either run in 
the same direction as the tendon-bundles or join with the tendon at an acute angle. 

^ lilt. Monthly Journ. Aiiat. and Physiol, viii. 1891 ; and Proc. Roy. Soc. xlix. 1891, p. 280. For 
details regarding the extensive literature of the subject, up to 1898, see M. Heidenhain, Ergebn. d. 
Anat. viii. 

^ On the nuclei of striated muscle, see A. B. Macallum, Quart. Journ. Micr. Sc. 1887. 

’ Compt. rend. civ. and evii. 1887 and 1889. 

^ llecueil Zool. Suisse, 1884. 

Rollett, Arch. f. inikr. Anat. xxxii. 1888 ; Sitzungsb. d. Wiener Akad. xcviii. 1889. 
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In the former case the tendon becomes subdivided, either gradually or suddenly, 
into as many small bundles as there are fibres in the end of the muscle, and it often 
seems at first sight as if the tendon-fibres were directly continued into the muscular 
substance. In reality, however, the fibres of each tendon-bundle end abruptly on 
reaching the rounded or obliquely truncated extremity of a muscular fibre (fig. 290), 
and are so intimately united to the prolongation of sarcolemina which covers the 
extremity, as to render the separation between the two difficult if not impossible 
(Ranvier). The muscular substance, on the other hand, may readily be caused to 
retract from the sarcolemina at this point. The areolar tissue which lies between 
the tendon-bundles passes between the ends of the muscular fibres and is gradually 
lost in the interstitial connective tissue of the muscle. 



Fig. 200.— Tkumination of a mus- 
cular fibiii? in tendon. (Ranvier.) 

sarcolemina ; s, the same mem- 
brane passing over the end of the 
fibre; 71, extremity of muscular sub- 
stance; c, retracted from the lower 
end of the sarcolemma-tube ; ten- 
don-bundle passing to be fixed to the 
sarcolemina. 

ally along the course of the tendon, 
into the substance or over the surface 



Fig. 201. -Cai'illauv vessels 

OF MUSCLE, MODERATELY MAG- 
NIFIED. (Schiifer.) 


When the direction of the muscular 
fibres is oblique to that of the tendon, 
the connexion takes place in a similar 
way to that above described, but the 
small tendon-bundles are given off later- 
which in these cases is generally prolonged 
of the muscle. 


When the muscular fibres divide, each branch of the fibre is directly continuous 
with a tendon-bundle, or connective-tissue bundle. 

Slood-vesselB. — The blood-vessels of the muscular tissue are very abundant, 
so that, when they are successfully filled with coloured injection, the fleshy part of 
the muscle contrasts strongly with its tendons. The arteries, accompanied by their 
associate veins, enter the muscle at various points, and divide into branches ; these 
pass along the fasciculi, crossing over them, and dividing more and more as they get 
between the finer divisions of the muscle ; at length, penetrating the smallest 
fasciculi, they end in capillary vessels, which run between the fibres. The vessels 
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are .supported in their progress by the subdivisions of the sheath of the muscle, to 
which also they supply capillaries. The capillaries destined for the proper tissue of 
the muscle are extremely small ; they form among the fibres a fine network, with 
narrow oblong meshes (fig. 291), which are stretched out in the direction of the 
fibres ; in other words, they consist of longitudinal and transverse vessels — the former 
running parallel with the muscular fibres, and lying in the angular intervals between 
them ; the latt(‘T, which are much shorter, crossing between the longitudinal ones, 
and passing over or under the intervening fibres. 

In tho (loepcT coloured muscular fibro.s of thoyo animals which, like the rabbit, posses.^ two 
kinds of voluntary muscles, somcf)f the transverse loop.s of the capillary network are dilated far 
l>eyond tlu^ .size of the ordinary capillarie.s (fig. 21>2). 

J'he number of ca{)iIlarieM in a given space of a mu.scle, or their degree of closeness, is partly 
regulated by the size of tin? fibnjs ; and accordingly in the muscles of dillereiit animals it is 

found that when the fibres are small the 
vessels arc numerous and form a close net- 
work, and vice versa ; in other words, the 
.smaller the tibres, the greater is the quantity 
of blood supplied to the same bulk of 
muscle. In conformity with this, we see 
that in birds and mammalia, in which the 
proeo.ss of nutrition is active, and whore the 
rapid changes require a copious sui)pjy of 
material, the muscular fibres are .smaller 
and the vessels more numerous than in 
cold-bloo(h*d animals, in which the opposite 
condition.^ prevail. 

Ziymphatica. ■ — So far as is 

known, there are no lymphatic ve.ssels 
within the voluntary mu.scle.s, although 
there is an abundant supply in their 
connective-ti.ssue sheaths and temdons. 
The lymphatic vessels here would 
seem, as pointed out by Ludwig and 
Schweigger-Seidel, to serve the pur- 
pose of collecting and conveying away, 
the lymph which is present in the 
areohe of the intramuscular connec- 
tive tissue. 

Nerves. — The nerves of a voluntary muscle are. of considerable size. Their 
branches pass betw'een the fasciculi, and repeatedly unite with each other in form 
of a plexus, which is for the most part confined to a small part of the length of the 
muscle, or muscular division, in which it lies. From one or more of such primary 
plexuses nervous twigs proceed, and form finer plexuses composed of slender 
bundles, each containing not more than two or three dark-bordered nerve-fibres, 
whence single fibres pass off between the nuiscular fibres and divide into branches 
which are finally distributed to the tissue. Most of the nerve-fibres are motor, and 
pass to the structures known Jia ‘ end-plates,’ but a few are sensory, and end in the 
so-called ‘ muscle-spindles.’ These structures will be described later, along with 
nerve-endings generally. 

HISTOGENESIS. 

Moat of the voluntary muscles of the body are developed from a .series 
of portions of mesoderm which are early set aside for this purpose in the 
embryo and arc termed the muscle-plates. Each muscle-plate is found after a 
time to consist of two layers, an inner and outer. According to Maurer, it is the 



Fkj. 292. — Ib.OOD-VKSSKLS OF A CED MCSCI.E OF 
THE hahiut, iN.iKcrKi). (Ranvier.) 

art*’riolo ; v, v, venules; n, dilatation on 
transverse capillaries. 
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cells of the inner layer which arc concerned with the development of the muscles 
of the trunk and limbs, but Balfour, Kiistner, Graham Kerr, Kollman, Bardeen, 
and Lewis concur in stating that both lamellee may form muscular tissue. The 
muscles of the eyes, jaw, hyoid apparatus, and some others of the head and neck 
are developed from cells in the parietes of the so-called head cavities, which 
represent in the cephalic region the muscle-plates of the trunk. When the 
muscular fibres are about to be formed the cells (nujohlasts) become elongated, 


and their nuclei multiplied, so that each cell 
is converted into a long multi-nucleated 
protoplasmic fibre. At first the substance of 
the fibre is not striated but is granular in 
appearance. The granules seem to be of the 
nature of mitochondria,' which presently 
arrange themselves in longitudinal stri.'c 
along one side (second month) (fig. 298, a), 
and about the same time a delicate mem- 
brane may be discovered bounding the 
fibre. The longitudinal striation, which is 
the first indication of the proper muscular 
sul)stance, extends along the whole lengtii 
of the fibre, but at first, as just intimated, 
affects only a. small part of its breadth, 
the rest being formed by a highly glyco- 
genic protoplasm containing nuclei. In 
due time, however, this conversion into 
the proper muscular substance, further 
shown by the appearance of cross-striae 
(fig. 293, n and c), extends round the 
greater part of the circumference of the fibre, 
and finally, aliout the sixth month, involves 
its whole* thickness, except along the axis, 
which for some time remains occupied by 
undifferentiated protoplasm witli nuclei im- 
bedded in it. Eventually tin; nuclei take up 
their permanent position either between the 
fibrils or underneath the sarcolemma. 

Schwann considered each fibre to be 
formed by the linear coalescence of several 
cells ; Kblliker, Wilson Fox, and most others 
have maintained the contrary view, origi- 
nally promulgated by Remak, that the 
fibres are produced as above described by 
the elongation of single cells, with differen- 
tiation of their contents and multiplication 
of their nuclei. 



Fki. ‘29:{. -Dkvf.i.opinuj fihki;. 

lligMiIy ina^nitied. 

A, elongaUid (‘(*11 with two nuclei and a 
Ktriation heginniiif' down oiu^ side of th(icell 
(from foital h1r‘(.*{), WilKoii Fox). 

B, from Fetus of two niontliH; p, granu- 
lar protoplasm ; _(/, glycog(*nous substance*; 
//, nucleus; », commencing sarcolemma, 
with striatfHl muscular substance d(^v(.*loping 
immediately beneath it. 

C, from Fetus of thr*‘e mojjths, displayc'd 
so as to show the contractihi HuhHtam (* col- 
lect(.‘d at one side of tins fibre, and partially 
enclosing the unaltered substance of the 
fibre, 7 ; /, fibrils. B and C from Ranvier. 


Growtli. — The muscular tibre.s, after having ac(|uircd their characteristic form and struc- 
ture, continue to increase in size till the time of birth, and thenceforward up to adult age. In a 
full-grown foetus most of them measure twice, and some of them three or four times, their size at 
the middle of foetiil life ; and in the adult they arc about five times as large as at birth. This 
increase in bulk of the individual fibres would, in a measure, account for the enlargement of the 
entire muscle.s. It is uncertain how far there may be a multiplication or new formation of 
muscular fibres during the growth of a muscle, but it is probable that, during growth at least, 

* F. Meves, Anat. Anz. xxxiv. 1909 ; J. Duesberg, tbiiL (Verhandl. d. Anat. Oesellcb. 1909). 

VOL. II. PART I. O 
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u new formation of fibres within the muscles does occur. A mode of new formation which 
has been described is by the transformation of cells (myoblasts) which lie between the 
muscle-fibres, arid which are presumably undifferentiated cells derived from the original 
muscle-plate. Fibres in various stages of development have been described in muscles at all 
stages of growth, and also in the adult condition, so that it has been conjectured that new 
muscular fibres may bo formed in this way even after the development of the muscle is com* 
pleted. Jhjt the increase in the adult which results from exercise of the muscles is mainly 

due to an increase in bulk of the fibres which are already 
developed.' 

It was formerly thought that after removal by the 
knife or by disease striated muscular tissue is not 
regenerated, but that any breach of continuity which 
may occur in a muscle is filled up by a growth of con- 
nective tissue. It would appear, however, that the 
breach is, after a certain lapse of time, bridged across 
by muscular substance. How the new muscular tissue is 
formed is not fully understood, but it is usually considered 
that it occurs by the transformation of myoblasts into 
muscle-fibres, as in the original formation of muscle. 
Schmincke, however, states that regeneration is brought 
about by a budding from the ends of the existing fibres.'^ 


PLAIN OR UNSTRIPED MUSCULAR TISSUE. 

This is made up of cells, contractile fibre-cells, 
which were first distinguished as the true elements 
of the tissue by Kolliker. The cells may form 
fibrous bundles and strata, or may be less 
regularly arranged, and the tissue occurs either 
almost pure or mixed with other tissues in 
varying proportion. The cells are of an elon- 
gated fusiform shape (figs. 294 and 299), usually 
pointed at the ends. They are generally prismatic 
in transverse section, but are sometimes more 
flattened. In arteries which contain much (4asti(; 
tissue ill tlieir middle coat the plain muscular 
filires may be very irregular in shape (fig. 296). 
Tlie cells vary greatly in length according to the 
part or organ in which they are found. 8onie 
occur which are cleft or forked at one or both 
ends. Their substance exhibits a longitudinal 
fibrillation, but no transverse striation. As shown 
by M. lleidenhain, the fibrils can be distinguished 
into superficial coarse and deep liner (fig. 295). 
They are doubly refracting. Each cell has a 
single nucleus, rarely more than one, which is 
always elongated and either elliptical or rod- 
shaped. Rod-shaped nuclei are specially 
characteristic of the muscle-fibres of the blood- 
vessels. At the ends of the nucleus the substance 
of the cell usually contains a few distinct 
granules arranged in linear series. 

The nucleus shows the usual structure, having a distinct chromatin network 
and usually one or two nucleoli. Spiral nuclei have been described by E. Forster ^ 

' C’f. Halban, Aiiat. Hoftt.’, iii. 18U4. • Ziegler’s Beitr. xlv. 1909. 

’• Anat. Anz. xxv. 1904. 


b’HK ‘294. Ml’SlUI.AU FUJHK-l'KT.l.S 
FROM THF. Ml'SCl’l.AU COAT OF 
-IHIC SMAI.L INTF-STINE. Highly 
inagiiiruMl. 

A, a complete cell showing the 
nneleus with intramiclenr network 
aTul a longitudinal lihrillatiim of 
the cell-substance, with finely vacuo- 
lated protoplasm bctwemi the fibrils. 
B, a c(dl broken in the ]>rocess of 
isolation ; a delicate external layer 
projects at the broken mid a little 
beyond the striated substance of the 
cell. 
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in both plain and cardiac muscular tissue. The involuntary fibre-cells possess 
a delicate homogeneous external layer (fig. 294, b), which may, however, be 
only the external layer of the cytoplasm, and is by no means comparable to 
the sarcolemma of voluntary muscular fibres, although, like that, it is liable to be 
wrinkled when the fibre is contracted, so that an indistinct appearance of transverse 



Fio. 295 . — Untouched photograph of a plain muscular fibre-cell from the cat's 
INTESTINE. (Schafer.) 450 diameters. 

The cell is broken across near the nucleus, which is indistinctly seen. At the broken part 
the finer internal fibrils are visible; over the rest of tlie cell the superficial coarser fibres are 
shown. Two or three incomplete knotted condensations are seen crossing the longitudinal 
axis of the cell. 


striation may thus be sometimes produced. The cells are united by a small 
amount of intercellular cementing substance which becomes stained by nitrate 
of silver. In some parts intercellular spaces appear, but they are bridged across, 
as in epithelia, by fine denticulations which connect tlie contractile substance 






'Vl 


Fig. ‘29(5. — Muscular fibre-cells from 

SUPERIOR THYROID ARTERY (MAN). 

(Schiifer.) Magnified 340 diameters. 

into continuity from cell to cell 
so that the tissue forms a syn- 
cytium (fig. 297).^ Each cell 
possesses a centriole close to its 
nucleus (fig. 298). 

The fibres are generally col- 
lected into larger and smaller 
fasciculi, which in many cases 
cross one another and interlace. 

The fasciculi are attached at their 
ends by connective tissue to the 
membranous and firmer parts 
where they occur. In some cases the attachment of the plain muscular cells takes 
place by means of elastic fibres which bifurcate at the end of the muscular cell. The 
two branches extend along each side of this and are firmly attached to it. Between 
the fasciculi and even penetrating between the fibres in a fasciculus is fine con- 
nective tissue with numerous elastic fibres. Involuntary fibres, especially those of 
the intestines, often exhibit after fixation knotted condensations of their cytoplasm 

' For a description of these cell-bridges, see D. Barfurth, Arch. f. mikr. Anat. xxxviii. 1891. 


Fig, 297. — Musule-uells op 
I N r E STINE. ( S 7. y n i ono w i c /. . ) 
Magnifi<*d 530 diameters. 

The fibres are represented 
in longitudinal section; and 
tho interstices between them 
are seen to be bridged across 
by fine fibrils, t, interstice ; 
?{, nucleus. 


Fig. ‘298. — Plain muscle- 
fibre, SHOWING NU- 
CLEUS, CENTRIOLE, 
AND CYTOPLASM WITH 
FIBRILS, (v. Lenhos- 
sek.) 
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Ifitr 299) which has l)een interpreted by some authors to represent a condition 
oflocaliscd contraction. It is, however, by no means clear that this is the true 
interpretation of the appearance in question, for fully contracted fibres may show 
no such structure. A similar appearance is sometimes seen in striated muscle. 
The condensations stain more deeply with iron-hmmatoxylin than the rest of 
the fibres, and in the fresh condition they are more highly refracting. Mcbill 
describes the fibrilhe as being thickened at these knots.' 


rlaiii iiiuRcular tinauo is found in tho coats of the incrn- 
branous viscera. It is met with in tho lowtu- half of the 
^ndlet. tlui Htoinach, and the whole intestinal canal ; that is, 
hotli in the imisciilar coat of the alimentary canal, and also as 
a layer in th(‘ tissue of the mucous membrane, and in the 
villi; in the trachea and hronoliial tubes, in the bladthn- 
and uretm-s, and the ducts of the lar^mr ^dands <(en(‘rally, in 
i\w. uterus and its appendages, in the corpora cavcumo.sa of both 
.se.xes, in the prostate ^dand, in tin; sjflecm, in the; mu.sele 
i>f Muller at tho back of the orbit, and in the ciliary muscle 
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FlO. ‘JlMt.— A SMOOTH Ml'SCLE-FlimK KUOM THE 
INTESTINE SUOWINO KNOT-LIKE CONDENSA- 
TIONS OP THE CYTOPLASM. (Griitziier.) 


b 


Fio. 800. Mcscclah FinuEs 
(n) FROM NON-PUEONAX r, 
(b) FROM PRKONANT UTERI S, 
DRAWN TO THE SAME SCALE. 

(Sellheini.) 


and iris. The middle coat of the arteries, the coats of many veins and those of the larger 
lymphatics contain plain mii.seular tissm*. In the .skin it is present in the tubules of the .sweat- 
glands lying between the secreting epithelium and the ba.sement-membranc, in the form of minute 
mu.seles attached to the hair-follicles, and in the dartos or subcutaneous ti.s.sue of the scrotum. 

Numerous nerve's, chielly of tho pale variety, are supplied to this tissue ; before their 
ultimate distribution they frequently come into connexion with micro.scopic ganglia. In 
the stomach and intestines there is a richly gangliated plexus — the plexus viyeniericus of 
Auerbach— hot w'cc'n the longitudinal and circular layers of tho muscular coat, and from the 
norve-colls of this ph'xus tine non-medullated fibres pa.ss to bo distributed in ramitications 

* For an account of the literature regarding these appearances and of plain imiscle generally, see 
Griit/.ner, Krgobn. d. Physiol, iii. 11)04. See also on the subject of plain muscle, M. Heidenhain, 
Krgebn. d. Anat. x. lOOO ; Henneberg, .\nat. Hefte, xv. 1901; Heiderich, ibid. xix. 190'2 ; Caroline 
McGill, Anat. Anz. 1907 ; also in Amer. Journ. Anat. ix. 1909. The variations in tho nuclei of smooth 
miisclt' are also dealt with in this paper. 




Kkj. 801. C\nvi\i Ml sn i.AU FiitUKs (in m.an). (INI. Heidenlmin.) 
'riie pro|)iirivtion wan staiiuul with vaiunliinn liaMiuitoxN liii. 
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between and in contact «ith the museiilar fibres. There is another rather finer gangliated 
plexus in the submucous coat from which ncrvc-libi-es proceed to tlio muscular tissue of the 
mucous membrane. 

The tissue receives blood-vessels, but these are far fewer in proportion than those of 
voluntary muscle. In some situations, as in the wall of the .stomach and intestine, abundant 
lymphatic plexuses are found between the layers of the muscular coat. 

Hlstog'enesis. — The elements of the plain or unstriped muscular tissue are derived from 
embryonic nucleated cells, the origin of w hich has been traced in many cases to the myoblasts of 
the muscle-plates. But in other situations plain muscular fibres may take origin from other 
sources. Thus the plain muscle-cells of the sw^at-glands are developed from ectoderm-cells, 
and the fibres of the sphincter and dilatator pupilho at the back of the iris are formed from the 
ectoderm of tlie anterior part of the optic cup, which also gives origin to the pigmented epithelium 
of the back of the iris. The cells, whether mesodermie or ectodermic, which are to develop 
smooth muscle, become lengthened out and jiointed at the ends, with elongation of the nucleus, 
whilst their substance becomes longitudinally librillated and ani.sotro))OUs, and gradually ac(|uires 
its permanent condition and cliaracteristic jiroperties. According to Mc(lill,‘ the tissue is from 
the first a syncytium, and retains this character throughout life. Miss MctJill describes a much 
more complete union of the cells than it is t^asy to admit, in view of the readiness with which 
they can be dissociated after death. On the othm* hand, some authors have deni(‘d the (‘xistenee 
of connexions between the cells, and b(*lieve that th(^ ap|)arent bridges arc not muscular, but 
an appearance due to delicato connective ti.ssue Ixdween the libre-cells. This, however, is 
ditheult to rt'coneile with the fact that a contraction started at any ])art of the tissue during 
life is slowly pro}iagate(l far beyond the limits of the point of stimulation. 

The great increase in the muscular tissue of the uterus during gestation (fig. 300) takes place 
both by elongation and thickening of the pr<‘-existing fibo'-cells of which that non-striated tissue 
consists, and it is said also by the development of new muscular fibre-cells from small cells lying 
in the tissue. In the shrinking of the uterus after parturition the tihre-cclls diminish to their 
previous size ; many of them become tilled with fat-granules, and are sufiposed ev entually to be 
removed by absorption. 

llegemu'ation of plain inuselo after artifieially produci'd hisions lias biH'U sc'en to be accom- 
panied by karyokinetic multiplication of the inusch‘-cclls adjacent to the lesion (in the m^wt by 
Stilling and IMit/iier). 


CARDIAC MUSCULAR TISSUE. 

The fibres of the heart (figs. 301, 302, 303) diiler remarkably from those of 
involuntary muscular organs in general, inasmuch as thev present transverse stria\ 
The striju, however, are less strongly marked, 
and less regular, and the fibres are smaller 
in diameter, than in the voluntary musele.s. 

They differ also from these in being 
apparently made up of eylindrical cells 
(fig. 302) joined end to end and often 
presenting a branched or forked apjxnirance 
near one extremity (e). Each cell has a 
single clear oval nucleus situate near the 
centre ; occasionally two nuclei are seen. 

In some animals (pig, ox, sheep) the cells 
are multi-nucleated, the nuclei occurring in 
rows ; in others (cat, rabbit) they are uni- 
or bi-nucleated as in man.^ The cell- 
substance is striated longitudinally as well 
as transversely, the striated substance 
appearing to be composed of a number of 
fibrils or sarcostyles, which on transverse 
section are seen as small polygonal areas. 

An investing membrane or sareolemma 



Fig. 302.— Six muscular fihkk-cklls fro.m 
THE HEART. (Schiifer.) Magnified 425 
diameters. 

a, line of junction between two cells; 
6, c, branching of cells. (From a drawing 
by Mr. J. E. Neale.) 


^ Int. Monthly Journ. of Anat. and Physiol, xxiv. 1907 ; Amer. Jour. Anat. ix. 1909. 
^ Marie Wenier, Arch. f. mikr. Anat. Ixxv. 1910. 
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has not hitherto been proved to 
fine homogeneous peripheral layer 



Fid. — MlIH(JULAIl PIHHKS FKdM THE 

HKAUT, MAdNIKIEI), HHdWlNd NIHLEI, 
ITIOSH-KTKI.E, HIVISIONK, AND .JUNCIIONS. 

Tho nuclei »iml coll-junctiouH arc only 
ropreHcntod on tlu; riKlit-liand siclo of the 
liK'urc, which in (lia-^raiinnatic. 


exist on these fibres, although there is a 
which bounds the fibres and is probably 
the most superficial layer of the original 
undifferentiated protoplasm. This super- 
ficial layer is regarded by v. Palczewska,* 
who has studied the cardiac muscular tissue 
in the human heart, and by M. Werner,- 
who has employed the hearts of various 
species of animals, as a true sarcolemma (see 
fig. 301). 

The muscular fibres of the heart freely 
divide and anastomose (figs. 303, 305), 
so that there is continuity throughout the 
whole of the myocardium of both auricles 
and ventricles.'^ 

There has been much discussion as to 
whether the muscular tissue of the niam- 
malian heart is to be regarded as consti- 
tuted of a number of uninucleated cells 
connected by bridges or whether it is 
a complete syncytium — i,e. formed of a 
continuous protoplasmic mass contain- 
ing nuclei at intervals, with the muscle- 
fibrils in complete continuity throughout. 


A 



lM(d SOI. LONdlTl’DINAE .SECTIONS OF I'OllTIONS OF MC.S< UI.All FlBllES FUO.M THE AHUl.r 
HUMAN HEART, SHoWlNd THE INTERSEdMENTAl. OR INTEUCEI.LUE.AR .SEI’TA AM) THE NUCLEI 
WITH UNDIFFERENTIATED I’KOTOULASM (SARCOPLASM). (V. PalcZCWska.) ’ 

Id A, a septum is seen to pass not only across the contractile fibrils but also across the cell- 
protoplasm. In B the protoplasm is aceumulateil at the side of one of the cells represeuted, 
and the nucleus is also placed laterally: this is. unusual. The iuvestiiit^ membrane 
(sartudemma ?) is here shown. 


\ Arch. f. mikr. Anat. Ixxv. ItUO. a O/). cif, 

' Frzewoski, Arch. d. sci. biol. St. Petersburg, ii. 1893 ; M. Heidenhain, Anat. Anz. xx. 1902, and 
MacAllum, Anat. Anz. xiii. 1897; Godlewski, Bull. d. Krak. Akad. 
1901 ; V. Ebner, in Kolliker s Handb. d. (lewebelehre, iii. 1902, 
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The former view is that which was taken by Schweigger-Seidel,* and is founded 
upon the fact that by various metliods of staining, and especial!}^ by nitrate of 
silver, there are distinct indi- 


cations of transverse septa 
across the fibres, each inter- 
septal space having as a rule 
a nucleus somewhere near its 
centre (fig. 303). Moreover, 
by treatment with certain 
reagents {e.f}. 33 per cent, 
caustic potash solution) the 
fibres tend to break up into 
uninucleated portions which 
correspond with the heart 
muscle-cells of Schweigger- 
Seidel (fig. 302). On the other 
hand there is evidence that 
the muscle - fibrils are con- 
tinued across the septa and 
therefore pass from cell to cell 
(figs. 305, 306). Continuity 
of fibrils is also strik- 
ingly shown in the fibres of 
Purkinje which occur in tlie 
heart of the sheep and ox in 
certain parts of the myocar- 



dium near the endocardium 
(fig. 307). These fibres 
are visible even to the 


Fkj. :U)r>. —M kaut Mrs. i.k-muuks snowiNtJ tuansvkhhk 

SKiiMKNT ATION. ( I’r/OWOski. j 

o, ; /y, lilyrils ; r, inu'loiis ; a hhorl arj^nioiit 

vvithoiil nurleufl. 



Fio. 30(5. — roUTioN or cakdiac 
MUSCLK KXIlUilTlSa CONTlNriTV 
OF FIBRILS ACROSS .IINCTIONAL 
LINE. (Pr/.ewonki.) Highly mag- 
nified. 


naked eye as clear beaded filaments ; and when 
examined with the microscope are seen to be formed 
by the juxtaposition of uni- or bi-nucleated masses 
of protoplasm which at first glance look like large 
clear separate cells. But on observing more 


carefully it is obvious that they are not separate from one another, but 


are intimately united by cross-striated fibrils which occupy their periphery, and 


Strieker’s Haiidb. d. Gewebelehre, 18C9. 
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passing beyond the apparent cell-outlines are traceable over two or more of the 
apparent cells. The fibrils have evidently been formed in a syncytium, being 
developed at parts equidistant or nearly so from its nuclei, and in this way mark 
off what look like cell-outlines and produce a simulation of independent cell- 
structure. Now there is every reason to believe that the fibres of Purkinje 
represent an incomplete development of cardiac muscular structure, the striated 
substance being confined to what would be, were the cells separate from one 
another, the surface layer of each cell. With further development, such as obtains 
in ordinary cardiac muscle, the whole or nearly the whole of the protoplasm 
becomes converted into muscle-substance, only a small area being left around 
each nucleus. Purkinje’s fil)res therefore ])rol)ably represent a less developed 
j)ortion of the original syncytium, although so far as mere growth is concerned 
they have surpassed in size the ordinary cardiac fibres. And in fjuit transitions 
can l)(^ traced between the Purkinje fibres and ordinary cardiac muscle. In man 
and jiiost animals distinct Purkinje fibres do not exist, but the cardiac fibres are 
rather larger near the ventricular endocardium tlian elsewhere. In tracing their 
development it is found that the fibr(‘s which are nearest the endocardium develop 
last.' 

Auriculo-ventricular bundle. — It was until recently believed that in 
mammals the auricular and ventricular musculatures were entirely distinct, the 
(u)nnexion between auricles and ventricles being maintained by connective tissue, 
as well as in part by nerves. But muscular continuity was observed in the rat by 
Stanley Kent, and it has been definitely shown in mammals generally, including 
man, by W. His, jun., that a comparatively narrow band or bundle of somewhat 
modified cardiac muscular tissue connects the aurierdar and ventricular muscula- 
tur(5. The band originates in the musculature of the interauricular septum and 
passes through the uniting connective tissue opposite the situation of the septum 
to I’cach the base of the ventricles. Here, in most animals, it forks, one branch 
passing to the left and the other, the larger, to the right ventricle. This aiiriculo- 
ventricular bundle loses itself in the less comj)letely developed cardiac muscle 
which underlies the endocardium, and which it resembles in structure. In animals 
which have fibres of Purkinje, the ventricular end of the bundle resembles these 
in structure. 

Most physiologists are of opinion that the function of the bundle is to conduct 
the contractions of the auricular muscle to the ventricles. This opinion is founded 
upon the statement — which is, however, contested by Kronecker and others - 
— that if the bundle be severed artificially or destroyed by disease the 
auricular rhythm is not communicated to the ventricle, which then beats with a 
slow a.nd somewhat irregular autonomous rhythm (brachycardia, heart-block). 
The bundle is accompanied by nerves which have microscopic ganglia in their 
course (Wilson).'' 

Blood-vessels, lymphatics, and nerves of cardiac muscle. — The 

musculature of the heart is even more richly supplied with blood-vessels than 
ordinary muscular tissue ; and, as in that, the capillaries follow the general 

' J. H. Mat'Callum, Anat. Anz. xiii. 18S)7. 

- I’ankul, Zeitsclir. f. Biol, li, U)()8 ; M. Inirhaiiitzki, Arch. f. Aiiat. 1901) 

The literature of the His humllo is extensive. The following are some of the principal papers relating 
to it: W. His, jun., Abhamll. a, d. ined. Klinik z. Leipzig, 1893, and Heutsch. Arch. f. klin. Med. 
Ixiv. 1899; A. F. Stanley Kent, Journ. Physiol, xiv. 1893; Braxueng, Arch. f. Anat. 1904 (Suppl.) ; 
H. E, Herring, Ptliiger’s Arch, cviii, 1905, and cxvi. 1907 ; Keith and Flack, Lancet, 190(>, and Journ. Anat. 
aj»d I’hysiol. 19t)7 ; Einthoven, Arch, intern, do Physiol, iv. 1900; S. Tawara, Das Reizleitungs- 
system d. S.’iugethierherzens, 190(5; (r. A. Gibson, Brit. Med. Journ. 1900 ; J. Erhuiger, Journ. Exper. 
Med. 1900, and PHiiger’s Archiv. cxxvii. 1909; also (with co-workers) in Amer. Journ. Physiol. 1900, 1907, 
1908; Fahr, Virchow’s Arch. 1907; Wonckehach, Arch. f. Physiol. 1907 ; T. Lewis, Brit. Med. Journ. 
1908; Briggs, Brit. Med. Journ. 1908: Trendelenburg and Cohn, Centralbl. f. Physiol, xxiii. 1909, 
and POiiger’s Arch, cxxxi. 1909; L. F. Barker and A. D. Hirschfelder, Arch, of Internal Medicine, 
iv. 1909; E. J. Curran, Anat. Anz. xxxv. 1909; J. G. Wilson, Proc. Roy. >Soc. B. Ixxxi. 1909. 
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arrangement of the muscular fibres. It differs from ordinary muscle in the fact 
that it has an abundant supply of lymph -vessels y which can be easily demonstrated 
by the method of interstitial injection. The Ipnph-capillaries form a network 
throughout the intermuscular connective tissue and unite to form efferent vessels 
which run over the surface of the organ underneath its serous covering (epi- 
cardium). These eventually pass towards lymphatics at the base of the heart 
and here enter lymph-glands. Small lymph-glands have also been described as 
occasionally occurring under the epicardium.* 

The nerves which pass to the muscular tissue of the heart are derived from 
two sources — viz. fine medullated fibres from the vagus, and non-medullated fibres 
from the cervical sympathetic, chiefly from its inferior ganglion. After forming 
the cardiac plexuses at the base, they pass to the auricles and are distributed to 
jiiinute ganglia whiclr are found there, chiefly under the epicardium, especially 
near the entrance of the great veins ; ganglia have also been described 
in the interaurieular septum. Other nerve-fibres proceed to the bjise of 
the ventricles, where microscopic ganglia also occur under the epicardium : 
from these, nerve-fibres extend into all parts of the muscular substance ; 
they end in fine ramifications over the individual muscle-fibres.-* The afferent 
nerves inostly course under the ventricular epicardium, but others are distributed 
to the endocardium : these end in ramified expansions in those membranes. ‘ 

Ulstog-enesl s. — Kurt her 
evicleiiee of the syncytial nature 
of the cardiac muscle is obtain- 
able from the study of its 
dev(dopiuent. For although as 
with other varieties of muscular 
tissue it is at first composed of 
what a])j)ear to be separate 
cells, derived from the meso- 
derm, M. Heidenhain has de- 
scribed a stage of develojjinent 
in the duck embryo in which 
the heart-muscle has (lu! appear- 
ance of a eomj)lele syncytium 
with fibrils deveIoj)(‘(i in its 
protoplasm passing far beyond 
the bounds of anything that 
could be thought to be the 
individual cells, and there is 
reason to believe that the same 
4?ondition obtains in other avine 
and mammalian embryos at a 
similar stage. A similar con- 
dition of continuity of H bills 
from one C(‘ll to another also 
occurs, according to (1. Mann, in 
the frog's auricle (fig. 3U8), and, 
although the ventricle is formed 



Fi(i. 808. — BnANCHiNo syncytium of heart-musclk of 

AUUICLK OF FHOO WITH MUSCLK-FIIUULS FASSINC, 

THHOUOH TMK CELLS. (G. MaiUl.) 


^ On the lymphatics of cardiac muscle, see H. Bock, Anat. Anz. xxxvii. 1005 ; Mouche, Jouni. de 
I’anat. 1000. 

2 M. Lissauer (Arch. f. mikr. Anat. Ixxiv. 1000) could find ganglion-cells only under the epicardium 
of the auricles, and of the auricular septum and auriculo-ventricular groove on both sides. He 
states that they follow the course of the epicardial nerves, and are not to be found either in the sub- 
stance of the myocardium or under the endocardium. 

' Huber and de Witt, Journ. Comp. Morph, vii. 1808 ; Heymans and Demoor, Mem. de I’acad. roy. de 
m4d. de Belgique, xiii. 1804 ; H. J. Berkeley, Anat. Anz. ix. 1898. 

^ Dogiel, Arch. f. mikr. Anat. lii. 1898, and liii. 1899 ; Smirnow, Anat. Anz. x. 1895, and xxxii 
1908 ; Michoilow, Int. Monthly Joum. Anat. and Physiol, xxv. 1908. 
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to all appearance of separate striated cells as already mentioned, it would seem that here 
also muscle-fibrils pass from cell to cell across the junctions. 

If this is so, we must assume that, as was held previous to the work of Schweigger-SeideE 
the fibrils and fibres of cardiac muscle are continuous throughout the myocardium both longi- 
tudinally and laterally. In this case the question naturally arises. How are we to account for 
the apparent cell-outlines, in the form of the transverse septa which mark the muscle-fibres off 
into uninuclear areas simulating and doubtless representing individual cells ? Some observera 
have held that the septa are purely accidental, produced by bands of contraction traversing 
tli(i fibres, whi(‘h have been fixed by the hardening reagent.’ M. Heidenhain has put forward 
tlie view that they are portions of the fibres in which, as in the sutures between the cranial 
bones, growth may proceed. Rut if this were so we should expect them to be more distinct in 
young and growing heart-muscle, whereas the contrary is the case ; indeed they arc not seen 
in d(n'clopirig muscle, and are said to be absent in most of the lower vertebrata and even in 
some mammals.- These H(q)ta may, when tht^y occur, afford a certain block to the passage of 
the contract ion wave from c(‘ll to cell. Thus it has been shown by M. Tmehanitzki " in the 
heart fixed in a condition of fibrillar contraction that the individual cardiac muscle-cells may 
show dilfcrent stages of contraction, or one may be at rest and the succeeding cell in contraction. 
Kroneekor, in whosc^ laboratory these observations were made, regards this as strong evidence 
that the passage of the contraction of the fibres from cell to cell is effected through nerves and 
md. by musciilar continuity. The opinion that the septa in question represent cell-outlines 
which have formed by differentiation in the original syncytium, as happens with many originally 
syncytial structures, is supported by the fact that tliey exhibit reactions which are similar to 
those yielded by cimient-substance between cells, and that there is a tendency for the fibres to 
break across at th(‘sc points. That the differentiation is imperfect is seen from the circumstance 
that the muscle-fibrils arc continued across thi; cement lines,’ and that it is not a necessary 
feature of heart-muscle structure is evidenced by its absence in some animals. It is possible that 
th(5 interpolated segments in which no nuclei are visible are continuous with nucleatt'd portions of 
fibres in other plam^s than that of the section in which they are seen. This view is that taken 
by K. W. Zimmermann, and upheld by his ])upils, v. Palezewska and Werner, whose work 
has already been referred to. 

' Cf. Hoffmann, Dissert. Leipzig, 1001). A similar view has been held by Wagencr, v. Ebner,, 
and Aschoff. 

Moriya, Anat. Anz. xxiv. IDOJl. ' Arch, intermit, de physiol, iv. 11)00. 

‘ I’rzewosky, Ardi. d. sc. biol. St. Petersburg, 181)8; M. Heidenhain, loc, cif. 
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THE TISSUES OF THE HEBVOUS SYSTEM. 

The elements which compose the tissues special to the nervous system are (1) 
nerve-cells ; (2) nerve- fibres (which are in every case prolongations or processes of nerve- 
cells) ; (3) neuroglia-cells and neuroglia- fibres, which play the part of a sustentacular 
tissue in the central nervous system, in which, except in the immediate neighbourhood 
of the blood-vessels, there is little ordinary connective tissue; (4) a peculiar ciliated 
epithelium (ependyma) which lines the ventricles of the brain and the central 
canal of the spinal cord. The ependyma represents a residue of the invaginated 
ectoderm in connexion with which the whole nervous system has become developed. 

Of the above elements the nervc-cellsy or, strictly speaking, the nucleated bodies of 
the nerve-cells, occur exclusively in the grey matter of the brain and spinal cord, and 
in those small collections, known as ganglia^ which are found on certain of the 
peripheral nerves on the posterior roots of the spinal nerves and of some 

cranial nerves, and in connexion with many of the sympathetic nerves ; the mam 
sympathetic nerves which run on either side of the vertebral column being beset 
with a succession of paired ganglia forming the sympathetic chain (Germ, (henz- 
slrang ; Fr. urand sympathi tigue). 

N erve- fibres form the bulk of the wliite matter of the brain and cord, and 
are also found passing through the grey matter. Leaving (or entering) the cord 
and brain in the nerve-roots, they become ensheathed by connective tissue, and 
outside the vertebral canal and skull form the periplieral nerve-trunks and nerve- 
plexuses from which. the nerves of the body generally are derived. A large amount 
of connective tissue enters into the structure of the peripheral nerves, giving them 
toughness and serving to bind together and protect the soft and otlierwise easily 
injured nerve-fibres. Finally the fibres terminate in nerve-endings, which are 
either formed simply by the breaking up of tlui individual nerve-fibres into a 
terminal arborescence ; or the nerve termination is incorporated within a special 
growth of the connective tissue which envelops the fibres, ‘end-organs" of various 
kinds being thereby produced. 

Neuroglia-cells or glia-cells are found only in the central nervous system, where 
they occur as irregular stellate cells with processes in the form of fibres extemling 
from the cell-body in all directions between the proper nervous elements. The 
ependyma is also found only in the nerve-centr(‘s. 

Tin* structure and arrangement of theses elements of the nervous system niay 
now be severally described, beginning with the central epithelium of the nerve- 
centres which has formed the scaffold ing upon and around which all the nervous 
elements of the spinal cord and brain are built up. 

Central epithelium (ependyma) of the spinal cord and brain. — To 
explain the relationship of this structure to the rest of the central nervous 
system it is necessary briefly to consider the mode in which the nervous system is 
laid down in the embryo. 

The first appearance of the nervous system takes the form of a thickening of 
the ectoderm along the middle line of the blastoderm. This thickening as soon as 
it becomes apparent is found to occupy the bottom and sides of a widely open 
groove which extends from near the front of the blastoderm to the anterior end 
of the primitive streak where this divaricates and becomes lost. The groove is the 
neural groove and the thickened ectoderm lining it is the neural eciodvrm. As 
development proceeds the groove deepens by the folding up of its sides ; presently 
the lateral folds bend over towards one another, and eventually grow together 
so as to close in the previously open groove, which is thus converted into a canal, 



Fkj. MIO. Skction of WALI- of neukal 
TUJJE of chick of THUEK AND A-HALF 
DAYK. (Clljal.) 

a, gorniinal layer containing, A, nouro- 
blaHtH, of wliicli h and c arc spheroidal, l)nt 
already possess neuro-fibrils ; from a the 
axon has begun to sprout ; B, neurol)lasts 
in a l>ipolar stage; d, enlarged end of axon 
of omi of tliese neuroblasts; c, another 
axon growing tangentially. 



Fia. Bll.— E i^endymal epithelium op spinal cord of embryo, (v. Lenhossek ) 
Stained by Golgi method. 

Only a few of the ependymal cells are stained. In the grey matter four neuroglia-cells are 

represented. 



Fkk mop.- -Ci.oscrk of neural groove to for.m 
NF.UUA r, CANAI. (HUMAN EMBRYo). (v. LcnllOSSek.) 


A, canal open ; B, canal just closed. 

The cells at tin* roof of the closing canal are seen 
growing out on either side to form thickened masses 
which form the germs of the root-ganglia. 
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the neural canal. As it thus closes up, a part of the neural ectoderm near the 
dorsal surface of the groove remains unenclosed, and buds out at regular intervals 
along each side ; these buds form the germ or blastema for the root-ganglia of the 
nerves (fig. 309). 

Up to the present the neural epithelium is composed of columnar cells which 
extend from the internal surface of the groove or canal to its external surface 
(fig. 310) ; later some of the cells acquire cilia on the surface which is turned 
towards the interior of the canal, to wliich they continue to furnish a lining. 
Amongst these columnar cells— and formed as the result of the division and 
transformation of some of them — the proper nervous elements begin to appear 
in the form of scattered neiirohlasts which becouie modified to form nerve-cells ; 
nerve-fibres eventually growing out from them. Other cells of the epithelium 



Fi(r. S12. — Skction of spinal coho of kmpuvo, 

SHOWING THE FORMATION OF NEllHXiLIA-CELLS 
FROM DETACHED EPENDYMA-CELLS. (V. Lcilhossck.) 


which forms the wall of the neural 
canal (spimqi oblasts) are transformed 
into neuroglia-cells, and ultimately the 
nerve-cells and -fil)res and neuroglia- 
cells and “fibri'S form the great bulk 
of the substance of the brain and 
spinal cord, wliile the fixed ends of 
the ciliated epithelium-cells of the 
neural canal become reduced to attenu- 
ated threads which extend to the peri- 
pheral part of the canal between the 
other elements (figs. 311, 312). This 
elongated condition of the ependyma- 
cells remains in lower vertebrates (am- 
phibia and fishes) throughout life, but 



Fkl Cen'i’Ual (’anal of spinai. cord 

OF A CHIlil) SIX years OLD, SHOWIN<J ITS 
CILIATED EPENDYMA - CELLS. (SchiifcT.) 
Magnified 150 diameters. 


in higher vertebrates, especially in mammals, it becomes impossible to detect in post- 
embryonic life, and is greatly obscured or is no longer seen even in the later stages 
of embryonic development, many of the cells becoming detached and con- 
verted into neuroglia -cells. Some of the cell-bodies remain, h owever, distinct 
throughout life as the epithelium-cells of the central canal of the cord (fig. 313) 
and of the ventricles of the brain ; tJiese cells are provided with cilia on their 
free border, while their fixed ends, which appear to branch, are gradually lost 
as they are traced into the grey matter surrounding the canal. 

Meurogrlia. — This is the tissue which in the central nervous system occupies 
the interstices between the proper nervous elements (fig. 314), and serves to 
separate and support them.* 

' The iieHroglia-cellB havf? been supposed to play a part in eonnexion wiili the nutrition of the 
nerve-cells, by acting as intermediaries between them an<l the blocKl-vessels. This is suggested by tin; 
observations of Andriezeii (Brit. Med. Journ. 1893), and of Ford Robertson (Rev. of Neurol. 1905), wlio 




NEUROGLIA 


207 


It is composed of cells and fibres. The latter are usually regarded as either 
forming or at least as being included within the processes of the cells. 


Some authors, however, regard it 
as probable that the fibres are not 
actually connected with the cells in 
the fully formed condition, but run 
in a ground-snbstance indepen- 
dently of the cells, ‘ much as is the 
case with the fibres of connective 
tissue. This opinion is mainly based 
upon the fact that the fibrils can 
be stained distinctively,^ but the 
argument would equally apply to 
the fibrils of nerve-cells, which are 
certainly parts of the cells. Like 
nerve. - cells, neuroglia - cells are 
stained black by the (Jolgi chromate 
of silver method, and they then 



Fid. 316. — A NEUKOdLIA-CELL 
ISOLATED IN 33 P.C. ALCOHOL 
(Raiivier.) 


appear as stellate bodies with long 
fibre-like processes radiating out 
from the cell-body and passing 
between the proper nervous ele- 
ments. The great majority of 
neuroglia-cells possess only these 
long, fine, and unbranched pro- 
cesses, which may extend a long 
way from the cell-body (fibrillar or 
spider-cells) (fig. 317). But there are 
a certain number in which the pro- 
cesses are dendritic ; in this case 
they usually terminate at no great 
distance from the body of the cell 
(arborescent or protoplasmic cells, 
fig. 318).^ In cells which are un- 
stained (fig. 316) or in which only 
the fibres are stained, the cell- 



Fid. 317.— ‘ Spider’ NEunodLiA-CELL with numerous 

UNHUANCHEI) EIHUKS EXTENDINO IN ALL DIUEC- 
TioNH FROM THE CELL'RODV. Golgi preparation. 
( Andriey.en.) 


substance being left clear, the fibres 


describe a special relationship between cer- 
tain nenro^lia-cells and blood-capillaries, as 
well as by those of E. Holmgren, who has 
described a trophospongiura within nerve- 
cells which is penetrated by branches of 
neuroglia-cells. Aguerre also suggests an 
active function for neuroglia-cells (Arch. f. 
mikr. Anat. Ivi. 1900). 

1 Huber, Amer. Journ. of Anat. i. 1901 ; 
Yamagiwa, Virch. Arch. clx. ; Reinke, Arch, 
f. mikr, Anat. 1. 1897 ; Whitwcll, Brit. Med. 
Journ. 1898. 

2 Weigert, Anat. Anz. 1890, and Beitr. z. 
Kenntn. d. norm, menschl. Neuroglia, 1895. 
On the structure of neuroglia, see also E. 
Miillcr, Arch. f. mikr. Anat. Iv. 1900 (fishes) ; 
Rubaschin, Arch. f. mikr. Anat. Ixiv. 1904 ; 
and Hardesty, Amer. Journ. Anat. ii. 1902. 
Hardesty regards the neuroglia elements as 
forming a permanent syncytium, but the 
evidence of Golgi preparations is in favour 
of their being distinct from one another. 

5 Andriezen, op. cii. 



'lo. 318.— Neuroglia-cell with arborescent 

PROCESSES ATTACHED TO A CAPILLARY VESSEL. 

(Andriezen.) 
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may be observed to pass entirely through the cell-body from one process into 
anotherJ In this respect they resemble the neuro-fibrils of nerve-cells and the 
fibrils which can be seen in certain varieties of epithelium. 

Although usually of a stellate shape owing to the fact that their processes extend 
more or less from all parts of the cell-body, in certain parts the neuroglia-cells take 
on an elongated shape (fig. 315), as is seen in the superficial layer of both the cerebral 
and cerebellar cortex.-^ The long fibre-like nucleated cells of the retina which are 


known as the fibres of Muller are also to be 
looked upon as of a neuroglial nature. 

According to the observations of ffardcsty 
in t}io pig-embryo, the n(;uroglia*fibres become 
developed within a syncytium of neural ectod(u-m- 
c(‘lla which is known as the neiiro-spongium (His). 
They appear relativcdy lat(s long after connective- 
tissm^ fibres have mad(5 their appearance and after 
medullation of the nerve-fibres has commenced. 



Fro. 819.— NmiVE-cKLL from vENTiur^ hou.v of 
SPINAL eouT). (J. (Icrlacli.) 



1. 320. — Axon arisino from celi.-bodv of 
A nerve-cell. (M. Schultze.) 


(t, axon ; cell-body with nucleus and clump of 
pigment-granules ; </, d, dendrons. 


a, axon ; a\ appearance of medullary sheath ; 
X X , portion of nerve cell-body showing neuro- 
fibrils eonvergiiig into axon. 


Nerve-cells are found only in the grey matter of the nerve-centres and in the 
ganglia which lie outside the central nervous system, of which they form isolated 

^ Ilanvier, Arch, do Physiol. 1893. ^ Hetzius, Biol. Unters. v. 1893; vi. 1894. 

^ Amor. Jouru. Anat. ii. 1902, iii. 1904. 
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extensions. On the other hand, the white matter of the nerve-centres is composed 
of medullated nerve-fibres which are processes of nerve-cells invested by a 
sheath of myelin {medullary sheath). These medullated nerve-fibres also occur in the 


nerve-roots and peripheral nerve-fibres, 
but here they have in addition an outer 
membranous sheath {nucleated sheath, 
neurolemma), enclosing the white or medul- 
lary sheath and conferring a certain 
amount of toughness upon the fibre. 
Every nerve-cell gives origin to at least 
one nerve-fibre (figs. 319, 320), and con- 
versely every nerve-fibre is connected at 
one extremity to a nerve-cell of which 
it forms a direct prolongation. This has 
been recognised as a fundamental principle 
governing the structure of the nervous 
system ever since the continuity of nerve- 
cells with nerve-fibres was sliown by 
Deiters ‘ ; it may be termed Deiters' law. 
But the complete establishment of tlie 
princijile dates from the discovery by 
Golgi of the silver chromate method.’^ 
In his own hands and in those of Cajal, 
Kolliker, Retzius, and others the employ- 
ment of this method has led to a com- 
plete revolution in our ideas regarding 
the construction of the grey matter of 
the nervous system, which before Golgi's 
observations was commonly regarded as 
formed by a network of nerve- fibrils. 

Nerve-cells vary greatly in size, shape, 
and structural appearance. Their one con- 
stant character is the possession of a process 
which becomes a nerve- fibre, or ratlier the 
central (axial) part of a nerve- fibre ; this 
process of the cell is known as the axon. 

The term ‘ neuron ’ would have been more 
appropriate to designate the nerve- fibre process,’’ 
but this word (or the similar word ‘neurone’) 
has come into use in a different sense, viz. 
to denote the nerve-cell itself, including all 
its processes (Waldeyer, 1891), which should 
rather, in accordance with the established 
principles of histological nomenclature, be 
termed ‘ neurocyte.’ But the use of the word 
neuron or neurone for neurocyte has become so 
deeply rooted in the literature of the subject, 
that it would now be difficult to make a change. 
The term ‘ nerve-cell,’ on the other hand, is 
sometimes used to denote merely the enlarged 
imrt or body of the cell which contains the 



Pin. 821.— A NERVK-cKLn from thk ckrebral 
CORTEX, (lolgi method. (Cajal.) 
a, basal dendrons; h, apical dendrori ; 
c, collaterals of axon ; c, axon ; p, apical dendrons 
ending in branches near surface of brain. 


nucleus {perikaryon of Sherrington) : it is unnexjcssary to point out that such a restricted 
use of the term ‘ cell ’ is logically indefensible. Sanger Brown has suggested the use of the 


^ Unters. il. Gehim. u. Riickenm. 1865. 


Golgi, Gaz. med. lomb. 1873. See also his collected investigations, published in German in 1894. 
^ Schiifer, Brain, xvi. 1893, p. 184. 
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term * cyton * to denote the nucleated cell-body. If this is adopted the neurone or neurocyte 
would bo described as composed of cyton, axon, and dendrons. 

The nerve-fibre process varies in length from a millimetre or less, as in some 
of the cells of the grey matter of the cerebral cortex, to more than a metre, as in 
the fibres of limb-nerves. It seems probable that in many cases the size of the cell- 
body bears a relationship to the length of the fibre which arises from it. The axon is 
always unbranched until it nears its termination ; except that it may give off fine 



Pro. 82 ‘ 2 .-~A nkhve-cell from the cerebral 

CORTEX, SIIOVVINO A VARICOSE CONDITION OF 
THE DENDRITIC PROCESSES. MetliyUme-bluc 
preparation. (Cajal . ) 

fl, axon, Riving off at c, a branching collateral, b. 
All Uiese possess a medullary sheath, d, ending 
of a deudron, 


lateral offsets (collaterals) into the 
grey matter adjacent to the cell- 
body. In some nerve-cells the axon 
is the only process wliicli the cell pos- 
sesses, but most nerve-cells have other 
processes which begin to branch im- 
mediately on leaving the cell- body, 
like the roots or branches of a tree ; 
tliese processes are known as dendrons 



Fig. S‘ 28 .— Nerve-cells of cerebral cortex 

SHOWING SPINES ON DENDRONS. Mothy- 
lone-blue preparation. (Cajal.) 

r/, apical dondron of two cells; apical 
dendron of another coll which is not included 
in the figure ; r, c, axons ; d, c, terminations of 
dendrons. 


or dendrites — they always terminate in the neighbourhood of the cell-body. The 
dendrons resemble the protoplasm of the cell-body in structure, and were accord- 
ingly termed by Golgi the 'protoplasmic processes ^ ; the axon has a clearer, less 

' Golgi at first supposed that the dendrons serve exclusively for the piirjwse of obtaining nutriment 
for the nerve- coll, like the roots of a tree. Whether they have such a function or not it is nevertheless 
certain that they conduct nerve-impulses. It has been suggested that the nerve-cell is capable of 
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granular appearance, and takes origin in a portion of the cell-body which is also free 
from obvious granules {cone of origin of the axon) (see Plate opposite p. 212). The 
dendrons usually branch in a spreading manner and with frequent bifurcations. 
Sometimes they may remain unbranched for a certain distance, as with the distal 
dendrons of many of the pyramid cells of the cerebral cortex. Occasionally they 
are beset with minute spinous projections (fig. 323), which are believed to make 
connexion with collaterals of other cells.* Sometimes they assume a moniliform 
character, but this may be the result of the mode of preparation. It is most 
frequently seen in preparations stained by Ehrlich's method (fig. 322). The 
dendrons usually conduct nervous impulses towards the cell-body and the axons 
conduct away from it, but the fibres of the dorsal roots form an important exception 
to this ‘ law of conduction.' 

All nerve-cells have a relatively large and conspicuous nucleus, but the 
proportionate amount of basi-chromatin which the nucleus contains varies. The 



Fig. 824. — Nerve-cell of Lophius with gap in memhrane of nucleus opposite centbobome. 
The Nisbl granules appear to he forming at this part. (Holmgren.) 

nucleus is generally spherical and clear, with little or no obvious reticulum, but 
with a very distinct nucleolus, sometimes more than one. Appearances have been 
described which are interpreted as indicating an extension of nucleolar substance 
into the protoplasm,^ Occasionally the nucleolus has been observed to be con- 
nected with a chromatin fibril (fibre of Roncoroni, 1885), extending into the 
cytoplasm.'* The nucleus usually lies in the middle of the cell-body, which also 
contains a centrosome (fig. 321) ; sometimes more than one.'* In many nerve-cells 
the protoplasm of the cell-body is markedly granular in appearance. This is due 
to the presence of angular groups of basiphil granules, which occupy the cytoplasm 
between the neuro-fibrils,"^ and which stain intensely with methylene blue (see 

slightly withdrawing or projecting its processes, like an amfjcboid cell, and thus diminishing or increasing 
the capability of the synapses (see p. 213) for conduction (Rabl-Riickhard, Noui'ol. Centralbl. ix. 1890 ; 
Duval, C. r. Soc. biol. 1895). The suggestion is criticised by Kblliker (Wurzburg Sitzungsb.-lSOo). 

* Cajal, La Cellule, 1891 ; Berkeley, Anat. Anz. xii. 1896 ; A. Hill, Brain, xx. 1897. 

* E. Holmgren, Anat. Hefte, xii. 1879; Page May and Walker, Quart. Journ. Exper. Physiol, i. 1908. 
5 E. Mencie, Arch. f. raikr. Anat. Ixviii. 1906. 

^ Biihler, Wiirzburg Verhandl. xxix. 1895 ; Deliler, Arch. f. mikr. Anat. xlvi. 1895 ; v. LenhosM-k, ; 
M. Lewes, Anat. Anz. xii. 1896; E. Holmgren, Anat. Hefte, xii. 1899 ; Kolster, J. xvi.1901; 11. Fuchs, 
ibid. xxi. 1903 ; N. Van der Stricht, Bull, de I’acad. royale de m6decine de Belgique, 1906. 

^ W. H. Cox, Anat. Hefte, x. 1898. 
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Plate) : they are known as the Nissl bodies ' and consist chemically of nucleoproteid 
containing organically combined iron.^ The Nissl bodies may be scattered uni- 
formly in the protoplasm or they may lie in two zones ; one near the nucleus, the 
other near the circumference of the cell-body, leaving the intermediate part 
clear. If the centrosome is well marked the granules may be arranged con- 
centrically to it. They extend into the dendrons, but do not occur in the axon 
or its cone of origin, and in some ganglion-cells there is a thin peripheral layer of 
the cell-body free from them.*^ They are found to vary with the functional con- 
dition of the nerve-cell and of its nucleus, 
which has been observed to exhibit 
amoeboid projections abutting upon a small 
mass of Nissl granules or to have rows of 
chromatin-granules streaming out from it 
towards the centrosome ^ (fig. 321). In 
fatigued cells (fig. 325) the granules break up 
and gradually disappear ; whilst the cell- 
body correspondingly diminishes in size and 
the nucleus shrinks in bulk,^' showing, how- 
ever, a relative increase in the amount 
of chromatin.^ The term chromatolysis 
(Marinesco) or Nissl degeneration is applied 
to these changes in the Nissl bodies.^ 

Similar changes occur if the axon of a 
nerve-cell is cut,'*^ whether near to or at a 
point far distant from the cell-body (axon- 
reaction) (see Plate, fig. c) ; the change 
begins 24 to 48 hours after the section and 
is completed in about 15 to 24 days. This 
fact is made use of to determine from which 
cells or groups of cells particular nerve- 
fibres originate.'^’ Various poisons which 
affect the nervous system are also found to 
have marked effects in causing chromatolysis either in the nerve-cells generally or 
in those of special parts. This applies also to the poisons (toxines) which are pro- 
duced in disease. With removal of the cause of degeneration a process of reparation 
may begin. If the degeneration has been caused by section of the axon the repara- 
tive process is very slow, so that it may be three or four months before it is com- 
pleted. At the end of this time the nerve-cell bodies have resumed their original 
appearance even though reparation of the cut nerve may be incomplete. But in 
some instances regeneration of the cell-bodies does not take place ; this seems to 
bo the case with the cells of the vagus ganglion on cutting the peripheral nerve, 
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FlO. 825.— Two MOTOR nkrve- cells prom 
THE 1)00. 

o, normal ; h, after a period of prolonged 
activity. (Photographed from preparations 
by Dr. Gustav Mann.) 


1 Nissl, Naturforscherversamml. z. Strassburg, 1884. 

* A. B. Macallum, Journ. Physiol, xxxii. 1905. 

5 V. Lenhoss^k, Arch. f. Psych, xxix. 1897 ; G. Mann, Verb. d. Anat. Gesollsch. 1898, p. 80. 

E. Holmgren, Anat. Hefte, xii. 1809 ; xv. 1900. 

® But with activity which is not excessive the chromatin may at first increase in amount (Dollay 
Amer. Journ. Physiol, xxv. 1909). 

Hodge, Journ. Morph, vii. 1892. 

^ G. Mann, Journ. Anat. and Physiol, xxix. 1894. See also F. H. Scott, Journ. Physiol. 1906. 

For the literature on this subject, see article on the Nerve-cell in Schiifer’s Text-book of 
Pliysiology; also L. L. Barker’s Nervous System. 

This statement does not apply to the centripetal axons of the cells of the spinal ganglia (Lugaro, 
Riv. d. patol. nerv. vol. i. 1896; Kdster, Neurol. Centralbl. xxii. 1903); nor does section of these axons 
interfere with the development of the spinal ganglion-cells in the young animal, although section of 
their peripheral axons has a marked effect (H. K. Anderson, Journ. Phys. vol. xxviii. 1902). 

See especially Van Gehuchten, Anatomie du syst^me nerveux, 1907. 

Van Gehuchten and N^lis, La Cellule, 1897. 
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and also with the cells of Clarke's column in the spinal cord on cutting the fibres 


which emanate from them.^ 

Besides the basiphil granules of the Nissl bodies the 
cytoplasm of nerve-cells contains oxyphil granules,* 
which are not brought to view by the ordinary methods 
of staining, but are probably more constant in their 
occurrence than the basiphil granules. For, as has 
already been mentioned, the Nissl granules are by no 
means of constant occurrence in nerve-cells, a largo 
number of these, especially in the cerebro-spinal centres, 
remaining unstained (except their nuclei) by Nissl’s 
method. 

The change known as ‘ Wallerian degeneration,' 
which occurs in the peripheral part of the nerve - 
fibre when it is severed from tlio central part 
and cell-body will be subsequently referred to 
(see p. 215). 

Synapses. — Nerve-cells are not directly 
joined to one another by their cell-processes : 
indeed, there is strong evidence that every nerve- 
cell with all its processes is a distinct anatomical 
unit ; this is the basis of the ‘ neurone-theory ' of 
Waldeyer.’^ 

The evidence is briefly as follows : (1) With 



certain methods of staining, especially that gac.- Dorsal root-kirres 

introduced by Golgi, and known by his name, a (a) sending collaterals (B) to 
certain number of the nerve-cell bodies and all the synapses (C, d, E) around 

. CELLS IN DORSAL HORN OP GREY 

processes which extend from them are intensely matter op spinal cord. (Cajal.) 



Pig. 327.— Synaptic connexions op nerve-cells op cerebellum. Golgi method. (Cajal.) 


B, a nerve-cell with dendrons, d, and an axon, 6, c. Numerous branches are given off from 
the axon to form synapses around the cell-bodies of the cells of Purkinje, A ; a, axon processes 
of the cells of Purkinje : only a short length is represented. 


Loewenthal, Recueil zool. Suisse, 1886; Schafer, Proc. Physiol. Soc. Journ. Physiol, xxiv. 1899. 
* E. Holmgren, Anat. Hefte, xv. 1900. 5 cit. 
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stained, but however far the processes are traced, they always appear to end in 
free ramifications and never become continued into a process from another nerve- 



Kl(i. 328. — SyNAI'TK! CONNKXIONS ok CKIXK of the SUPEUIOK CKUVK’.VJ. OANOLION OF MAN. (Ciljal.) 

A, B, cellH within capsules; o, tluur axons; c, e, fy cxtra-capsular dendrons; D, synapses 
between dendrous ; E, a fibre forming a synapsis with intra-eapsiilar dendroiis. 



Em. 323 . — An afferent eiure niiEAKiNr. up into ramifications around the dendruns 

OF A PURKINME CEI.L OF THE HUMAN CEREBELLUM. (Cajul.) 

cell, although they may come in contact with the cell bodies or processes of other 
cells. (2) It happens in certain diseases and injuries of the nervous system that 
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certain cells and cell-groups only are affected by a resulting process of degeneration. 
Such degeneration is confined to the limits of the cells and cell-groups affected ; 
although it includes all their processes, however remote, it does not extend beyond 



Fid. S30. — I)lA(JUAMOF SYNAPSES 
BETWEEN AXONS AND DKNDHONS 
IN THE UEITNA. ((i. UotziUH.) 

r/, witli axon, 

and dendrons, tlu' latter forniinj' 
synapses in the inner molecular 
layer, with axons of the 

V)ipo1ar nerve-cells, ///’./'. External 
tt) (above;) these are the synapses 
which their dendruiis form with 
the axon-proe(‘sses of the rod and 
cone elements. 

them, even to those cells 
and cell-groups with which 
they are in close physio- 
logical connexion. (3) The 
facts of development of 
nerve cells and fibres are 
strongly in favour of the 
doctrine that each cell with 
all its processes is a distinct 
anatomical unit.* 

The axon of one nerve- 
cell may ramify around the 



cell-body of another cell acoustic nucleus. (Cajal.) 

(fitb 327) or around its In n, 6, and r the cell-bodies arc indicated; 

\ ' in c, and /they are omitted. 

dendrons (fig. 329). These ^ 

ramifications come apparently in contact with the cell-substance of the second 
cell, but without continuity. Or the axon of one nerve-cell may form a closely 
ramified interlacement of fibrils with similarly ramified fibrils derived from the 
dendrons of other nerve-cells (fig. 328, b, and fig. 330). Or, again, but more 


1 Cf. Max Verworn, Das Neuron, Jena, 1900; L. L. Barker, Nervous System, 1809. 



216 


NEKVE-CELLS 


rarely, synapses may occur between dendrons (fig. 328). To such modes of 
contact between dilTerent nerve'cells (or in the usual parlance between different 
‘neurones') the term ‘synapse' (M. Foster) has been applied. Synapses may be 
either ‘ investing ' or ‘ interlacing ' as in the instances above given, or the contact 
may be effected by the simple application of the branched or unbranched (and 
usually in that case dilated) extremity of an axon t^) the body of another nerve- 
cell. The calices described by Held in the trapezoid nucleus, and the somewhat 
similar enlargements of axons described by Oajal in the ventral acoustic nucleus 
(fig. 332) may be given as examples of this.^ 

The doctrine of continuity without continuity of the anatomical units which compose the 
nervous system is not universally admitted, some observers holding that there is suflicicnt 
evidence to justify belief that the nervc-cills of a nerve-chain arc continuous with one another 
— at least, so far as regards the neu ro- fibrils. “ 



Fl(}. — NeUUO-FIIIRILS in nerve-cells from ANTEUIOU CORPORA Ql'ADRKlEMINA OF 

KITTEN. (Cajal.) 

(I, axoa ; 6, cell-boily; r, nucleus ; d, nouro-fibrils. 

Neuro-fibrils. — A distinctive character of nerve-cells is the existence of 
fibrils which pass into and through the cell-body and extend into all the processes. 
These ncuro-fibrils (figs. 333 to 33G) were first described by Max Schultze : they 

' Cf. Semi Mever, Arch. f. mikr. Anat. xlvii. 18%, and liv. IH'Ji) ; Yincenzi, Anat. Aiiz. xviii. 
IDOU. 

^ Cf. Apntliy, Mittli. a. d. zool. Station z. Xeapel, xii. 1897 ; Nissl, Miinch. med. Wochenschr. xlv. 
18‘,)8, Neurol. Centralhl, 1900, aiid Dio Neurontheorie, Ac. lieidelberg, 1900 ; Bethe, Arch. f. mikr. 
Anat. 1. and li. ; also Allgoin. Anat. u. Physiol, d. Nervenaystems, 1908 ; H. K. Anderson, Journ. Physiol, 
xxviii. 1909 ; H. Hold, Areh. f. Anat. 1905. 
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I'lG. 8;J4. — NEl RO-KntlUI.S IN SI'INAIi (i.\N<il,10N-CKLLH OF EMUUVO. (Cajlll.) 

A, B, unipolar oollfl ; C, D, F, (>, transitional colls; E, E, colls which an* still bipolar; II, a cell 
with the neuro-fibrils as yot imperfectly devolopod. 


The neuro-fibrils arc traceable along the axis-cylinder of all nerves as far as 

V their terminations ; the 

'Js ultimate ramifications 

of the axis-cylinder may 
end in what appear to 
single fibrils. Rome 
observers describe them 
exhibiting junctions 

^ (anastomoses) through- 

w/ their course in the 

cell-body (figs. 333, 334, 
335) and cell-processes.^ 

c - This is, however, denied 

by others, who believe 

Ftg. 835. — Neuro-fibuils in nerve-cell of annelid. (Apjitliy.) that the llCUro-fibrils 

f//, fibrils in dendrons ; a large fibril ill the axon. ruil distinct from Olle 

another in the nerve- 

^ Ehrlich, Deutsche med. Wochenschr. 1880. 

- Rfizioka, Arch. f. mikr. Anat. liii. 18‘.M) ; Miinckehorg and Bethe, ibid. liv. 1801) ; Biolchowski, Neurol. 
Centr. xxii. 1003 ; Donaggio, (laz, med. ital. 1003, and Riv. sper. di fren. 1004 ; E. S. Ijondon, Arcli. f. 
mikr. Anat. Ixv. 1003 ; Cajal, Trabajo.s del labor, d. invest, biol. 1001 ; Tello, ibid. ; Mariuesco, Rev. 
iieurol. 1004; SchiefTerdecker, Arch. f. mikr. .Anat. Ixvii. 1906; Cajal and lllera, Trabajon del labor, d. 
invest, biol. 1907 ; ApiCthy, Anat. Anz. xxxi. 1907 j Idris, Bull, do I’acad. roy. de med. xxi. 1907. 

^ Vincenzi, Anat. Anz. xxviii. 1906; Katd, Folia neuro-biol. iii. 1009. 


Fto. 835. — Neuro-fibrils in nerve-cell of annelid. (Ap<itliy.) 
f//, fibrils in dendrons ; mf, a large fibril in the axon. 
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cell and its processes.^ The fibrils are said to vary in size according to the 
functional condition of the nerve-cell. Thus they are described by Cajal and Tello 
as being thicker and less numerous in the hibernating lizard during the winter sleep 
(fig. 33G, B,C), and finer and more numerous during activity (fig. 336, A,D). It is 
commonly assumed that the fibrils arc the essentially conducting part of the nervous 
element, but this is not easy of proof, and the opposite view was taken byLeydig,- 



Fin. Fouiils within nkuve-cells. (Cajal and Tello.) 


wlio held that the interlibrillar substance is the true conducting material of nerve- 
fibres. Nor is it clear whether the fibrils are solid threads or hollow tubuh's occu- 
pied by fluid : this question will be discussed later (p. 235). In some invertebrates 
(A])athy •’) it appears as if the neuro-fibrils may extend through two or more nerve- 
cells without interruption ; this fact has been employed to throw doubt upon the 

doctrine of separate nerve-units. 



Similar conditions have been de- 
scribed by Betlie in vertebrates, 
but the evidence is not convincing. 
And even if such continuity of 
nerve-fibrils from cell to cell were 
found to be general, the fact that 
the direct trophic influence of the 
nucleus and cell-body is confined to 
the limits of its own cell-processes, 
and does not extend to those of 
other ner\avcells (see pp. 211, 215), 
suflicaently indicati'S that, from the 
point of view of nutrition at any rate, 
the doctrine of independent units 


must be looked upon ag established. 


An internal reticulum unconnected with the neuro-fibrils and similar in 


character to that which has been found to be present in certain other cells (p. 25) 


^ Cf. .liiderliolin, Arch. f. inlkr. Anat. Ixvii. 1906. For a summary of views held regarding neuro- 
lihrils, SCO Joris, Journ. do neurol. IDOi). 

- Arch. f. Aiuvt. 1H97. ^ Op. cit. 
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has been described by Golgi * in the body of the nerve-cell (figs. 337, 338). This 
network appears to contain myelin ; it is darkly stained by prolonged treatment 
with osmic acid.- 

Golgi has also described in some nerve-cells a reticular investment ^ covering 
tlie cell-body which may extend a certain distance over the cell-processes (fig. 339). 
The exact nature of this investment is not clear. According to some autliorities 
it is formed by an interlacement of tlie terminal ramifications of axons proceed- 
ing from other cells to form synaps(‘s with the cell-body (see p. 21")). Others 
believe it to have a neuroglial origin. ‘ 


Another appearance which has be(‘u described within many nerve-cells, 
especially those of the spinal ganglia, consists of ramified canals, which are 
occupied, according to Holmgren,'^ by branching processes from the cells lining 


the capsule (trophospongium, 
see p. 27). FTolingren Ix'lieves 
that these processes may be 
amcelioid, and that the canals 
they occupy may therefoia; be 
constantly undergoing change. 

Some nerve-cells also have in 
the immediate neighbourhood of 
the nucleus a clump of pigment- 
granules (fig. 340), yellow, brown, 
or black in colour. When present 




Fl(r. a;w. — DkKP network OE (ioLCil 

WITHIN A SIMNAE OANOI.ION-rEEI.. 


(Golgi.) 


OF OKRKintAE CORTEX OF CAT. (Clljlll.) 

A, largor ; B, stnalltT cell; h, r/, folda in network; />, a ring- 
lik(! condensation ; r, projections from surface. 


in many cells of tin* same locality they give a distinctive colour to the part, 
as in the suhstanlia nigra of the mid-brain and the locus coeruleus of the fourth 
ventricle. The pigment contains lecithin. It tends to increase in amount with age, 
although it is already seen during the third year of life." It is more extensively 
met with in man than in the lower animals. 

According to the number of processes which they possess, nerve-cells are 
termed unipolar, bipolar, or multipolar. Unipolar nerve-cells are met with in the 

’ .Arch. ital. do biol. xxx. 1S98; \ crlmiidl. d. amit. Gesellsch., Anat. Aiiz. xviii. 1901. Sec* also Rossi, 
Le NtWraxft, vi. 1901, 

- Kopsch, Sitz. d. preuss. Akad. xl. 1902. See also Misch, Int. Moiitlily Jonrn. of Anat. and 
Physiol. XX. 19013 ; v. Bergen, Arch. f. mikr. Anat. Ixiv. 1904 ; and SjiJvall, Anat. llefte, xxx. 190(5. 

Golgi, Arch. ital. do hiol. xxx. 1898, 

‘ H. Hold, Arch. Anat. 1902 ; J. Turner, Brain, 1900. 

*> Anat. Anz. xvi. 1890; xviii. 1891; Arch. f. inikr. Anat. lx. 1903; Arch. f. Anat. 1904; Anat. 
Hefte, XXV. 1904. Nelis (Bull. acad. roy. de Belg. 1899) deflcribes convoluted canals in the spinal 
ganglion-cells of the dog, but states that they do not anastomose like the canals described by Holmgren. 

^ Miihlemann, Arch. f. mikr. Anat. Ixviii. 1901; Oberateiner, Arbeiten, x. 1903 
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Flfi. lUO. — Tionv OK A NKJtVK-CK.M, FROM TH K SIMNAR (OR]) (MAN). 
(From I*rt‘nii)it, Bouiii, atol ISlailljind. l 
o, tixoii ; </, dy doiulroiiH ; nucleus with nuch'olus; pigment. 



Fio. y41. — Ckrrs of VAors oANtJiiioN OF CAT. Ehrlich method. (Cajal.) 

A, B, large clear cells with axon much convoluted near origin ; C, D, smaller clear cells 
E, F, smallest cells, staining darkly and without convolutions of axon. 

(f, indented portion of cell-body; 6, commencement of medullary sheath. 
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cerebro-spinal ganglia (posterior or dorsal root-ganglia,^ Gasserian ganglion, ganglion 
of the trunk of the vagus, &c.) and in the superior or accessory motor-nucleus of the 
hftlu cerebral nerve. They are usually spheroidal in shape. The process which 
comes of! from the cell is always an axon or nerve-fibre process, and receives 
a medullary sheath soon after leaving the cell. It is generally convoluted close 
to the cell-body and before emerging from the capsule (figs. 341, 342). After a 



Fig, 842. — Two nhrvk-cells from a hpinai. 

GANGUON (human). (Ketzilis.) 

sh, nucleate<l slicath ; n, n, nuclei of tin; 
primitive alionth of tlie nerve. From each 
cell a fibre can be aeeii to arise, and, after a 
convoluted course on the surface of th«3 
nerve-cell, to bifurcate (opposite d); from 
which point the divisions pass either in the 
opposite direction to one another, as in A, or 
at first in the BH,me direction as in B. The 
nuclei of the sheath of the nerve-cell are all 
represented in B, but only those seen in 
profile have been represented in A. 


short course as a single fibre it 
bifurcates, the branching being T- or 
Y-shaped (figs. 341 to 343). One 
branch (centripetal) passes towards 
the nerve-centre (posterior root-fibre, 
sensory root-fibre), where it ultimately 
terminates by fine ramifications within 
tlie grey matter ; the other branch 
(cmitrifugal) passes peripherally and 
forms a sensory (afferent) fibre of a 
peripheral nerve. The spinal ganglion 
cells vary greatly in size and in 



FlO. 343. Two SPINAL ganiilion -cells 

SHOWING BIFURCATION OF THE NEUVK- 
FiBKE PROCESS. Osmic preparation. 
(Ranvier.) 

71, nucleus of ganglion-cell ; ?/', nuclei 
of capsules ; 7i", nuclei of nourolemma ; 
r, c', constrictions of Ranvier. 


ap|)earance, some being clearer, others more granular (fig. 341). Most of them 
are large and conspicuous. Each cell is covered by a membranous sheath with 
nuclei upon its inner surface (fig. 342) : this sheath is prolonged over the issuing 
fibre, and is continuous with the nucleated sheath of the fibre. Frequently a fine 
non-medullated fibre is seen within the sheath ramifying over the cell-body or 
around the issuing axon (fig. 344). This is derived either from some other cell 

* Nerve-cells are in some situations met with among the fibres of the ventral roots of some of 
the sj)inal nerves. They are constant in the cat (Schiifer, Proc. Roy. Soc. 1880), and are also found 
occasionally in the lumbar and sacral nerves of man (Hoch, Beitr. z. Kenntn. d. anat. Verhaltens, &c. 
Heidelberg, 1891 j. 
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in the ganglion or from a cell of a sympatlietic ganglion. Its function is 
unknown.* Some of the cells of the spinal ganglia have other processes besides 
the axon, but their nature is uncertain. They rarely extend beyond the capsule 
which encloses the ganglion-cell, and they have not the character of deudrons, 



Fto. 844. — Pkrickllulak aubouisations in spinal oano lion-cells. (Cajal.) 

In A tlio arliorisation extends over tlie cell-body ; in B it is limited 
to thf5 axon, n, e, f/, alT(*rent fibres. 


but rather resemble developing axons (fig. 345), being fine fibres which end in a 
marked enlargenu'nt. They were first noticed by Huber * in the frog, and have 
since been described in many situations by Cajal.'* Nageotti ‘ has suggested, 



Fill. 845.— C'kkkuko-si’inal uano lion-cells (man). (Cajal.) 
n, by intraciipsnlar dendrons, with knoblied extremities. 


with much probability, that the processes in question are aborted axons or their 
collaterals. They occur also in sympathetic ganglia (fig. 351). 

In the early embryo the cells of the sj^inal ganglia are bipolar, a nerve-fibre 
process proceeding from each end of the elongated cell-body. The attachment 


* (t. Retzius, Biol. Uuters. ix. li)00; Cajal, Textura del sist. nerv. 1904, and Ergebu. d. Anat. 
xiv. 1900. 

^ Anat. Anz. xii. 1880. ^ Ergebn d. Anat. xiv. 1900. 

‘ Noiiv. icon, de la Salpetriere. See also v. Lenhossek, Arch. f. mikr. Anat. Ixix. 1906, and Lewis, 
Anat. Anz. xxx. 1907. On the cells o( spinal ganglia, see A. S. Dogiel, Ban der Spinalganglien, 1908. 
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of the two processes becomes gradually shifted as development proceeds (fig. 334) , 
so that they presently are found to arise from the same point of the cell, and 
eventually the common attachment becomes lengthened out into a single axon. 
This bifurcates a certain distance from the cell-body, which has thus become 
unipolar. The bipolar condition is retained in the cells of the ganglion of the 
cochlea and the ganglion of Scarpa on the eightli nerve. It is also permanent 



Fig. 3iG.— Spinal ganglion-cells and fikkes op hay Osinic preparation. (Kanvier.) 

/d?, modullatcd fibres, large and medium-sized ; ii’, constriction of Kanvier; r/, sheath of 
ganglion-cell; 7 ', cell ; ??, nucleus; ca, axis-cylinder; another axis-cylinder is prolonged from 
the opposite end of the bipolar cell ; o, o, nuclei of sheath. Tlio medullary sheaths of the 
nerve-fibres arc stained black by tlie osmic aci<l. 


in the spinal ganglia of certain fishes (fig. 34(5). Occasionally a thin layer of 
myelin (*xtends from the medullary sheath of the nerve-fibre over the cell-body 
of a bipolar cell (fig. 347). 

Cells with processes extending from opposite poles of the cell-body occur in 
other situations than those above enumerated, as in the ganglion-cells and inner 
granules of the retina of the eye ; but in these instances tlie two processes are 



Fig. 347. — A dipolar cell from spinal ganglion op fish, showing 'ihe medui.larv 

SHEATH OF THE NERVE-FIBRES CONTINUED AS A THIN LAYER OVER THE CELI.-BODY. 

(E. Holmgren.) 


different in character, the one being an axon and the other a dendron. In some 
of the sense-organs, as in the olfactory cells of the olfactory mucous membrane 
(fig. 348) and in the rod and cone cells of the retina (fig. 461), which are also bipolar, 
the central process is an axon, and the peripheral process is an unbranched pro- 
jection from the cell-body specially modified to receive the physical or chemical 
stimulus which is converted by the cell into a nervous impulse. It is true that 



in the ganglion or from a cell of a sympathetic ganglion. Its function is 
unknown.* Some of the cells of the spinal ganglia have other processes besides 
the axon, but their nature is uncertain. They rarely extend beyond the capsule 
which encloses the ganglion-cell, and they have not the character of dendrons, 


FlO. 844.— PkBICELLULAU AIinOUIBATIONS IN SPINAL OANGLION'CELLS. (Clljal.) 

In A the arborisation extends over the cell-body ; in B it is limited 
to the axon. c, <7, afferent fibres. 


but rather resemble developing axons (fig. 345), being fine fibres which end in a 
marked enlargement. They were first noticed by Huber in the frog, and have 
since been described in many situations by Cajal.'* Nageotti has suggested, 
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Bho. 845.— Cebebro-spinal ganglion-cells (man). (Cajal.) 


(i, Z), iiitracapsular dendrons, with knobbed extremities. 


with much probability, that the processes in question are aborted axons or their 
collaterals. They occur also in sympathetic ganglia (fig. 351). 

In the early embryo the cells of the spinal ganglia are bipolar, a nerve-fibre 
process proceeding from each end of the elongated cell-body. The attachment 

1 G. Retzius, Biol. Unters. ix. 1900; Cajal, Textura del sist. nerv. 1904, and Ergebn. d. Aiiat. 
xiv. 1906. 

* Anat. Anz. xii. 188(5. 5 Ergebn. d. Anat. xiv. 1906. 

‘ Nouv. icon, do la Snlpctricie. See also v. Lenhossek, Arch. f. mikr. Anat. Ixix. 1906, and Lewis, 
Anat. Anz. xxx. 1907. On the cells of spinal ganglia, see A. S. Dogiel, Ban dor Spinalganglien, 1908. 
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of the two processes becomes gradually shifted as development proceeds (fig. 334), 
so that they presently are found to arise from the same point of the cell, and 
eventually the common attachment becomes lengthened out into a single axon. 
This bifurcates a certain distance from the cell-body, which has thus become 
unipolar. The bipolar condition is retained in the cells of the ganglion of the 
cochlea and the ganglion of Scarpa on the eighth nerve. It is also permanent 



Fig. 346.— Spinal ganglion-cklls and fibkks of ray Osinic preparation. (Uanvior.) 


/?, modullatcd fibres, large and medium-sized ; E, constriction of Ranvier; flr, shcatli of 
ganglion-cell; ir/', cell ; n, nucleus; ca, axis-cylinder : another axis-cylinder is prolonged from 
the opposite end of the bipolar cell ; o, a, nuclei of sheath. The medullary sheatlis of the 
nerve-fibres are stained black by the osmic acid. 

in the spinal ganglia of certain fishes (fig. 346). Occasionally a thin layer of 
myelin extends from the medullary sheath of the nerve-fibre over the cell-body 
of a bipolar cell (fig. 347). 

Cells with processes extending from opposite poles of the cell-body occur in 
other situations than those above enumerated, as in the ganglion-cells and inner 
granules of the retina of the eye ; but in these instances the two processes are 



Fig. 847.— a bipolar cell prom spinal ganglion of fish, showing the medullary 
sheath op the nerve-fibres continued as a thin layer over the cell-body. 
(E. Holmgren.) 


different in character, the one being an axon and the other a dendron. In some 
of the sense-organs, as in the olfactory cells of the olfactory mucous membrane 
(fig. 348) and in the rod and cone cells of the retina (fig. 461), which are also bipolar, 
the central process is an axon, and the peripheral process is an unbranched pro- 
jection from the cell-body specially modified to receive the physical or chemical 
stimulus which is converted by the cell into a nervous impulse. It is true that 
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thc.se cells partake of an epithelial character, but similar cells occur in the 
epidermis of certain invertebrates (e.g. Lumbricus), which undoubtedly represent 
sensory nerve-cells (see p. 282, and Neurology, Part II. p. 359). 

Most nerve-cells of the central nervous system are multipolar (see Plate opposite 
p. 212), having a single axon and two, three, or more dendrons. The number and 
relative size of tin; dcmdrons influence the general shape of the cell. If these are 
nearly equal and equally distributed, the cell-body is uniformly angular : if one or 
two dendrons are much larger than the rest, the cell-body tends to be drawn out in 
their direction : in this way nerve-cells become stellate, pyramidal, and assume many 
other forms. Most dcmdrons at once branch dichotomoiisly, and rapidly decrease in 
size ; but in some cases the 


branching is less close to the 
cell-body. In the cells of 
Purkinje of the cerebellum 
the dendrons form a greatly 
extended arborescent mass 



MENT OK SKNSOUY NKKVE-CKLLS 
IN THE OEFACTOUY MUCOUS MKM- 
rUlANE ANT> OI;FACr()RY BUEU. 
(G. Ret/ ills.) 

)i,y n., axona of nerve-cells. The 
upper one eoines from an olfactory 
cell and forms a synapse at gl. with 
one of the dendrons of a cell in the 
olfactory bulb. 



FiCl. 840. — A CELL OF PuRKIN.TE OF THE CEREBELLAR CORTEX. 
Golgi method. (Cajal.) 


rt, its axon; 6, a collateral ; c, rZ, the branching mass formed 
by its dendrons. 


(fig. 349). As already noticed (p. 211), some dendrons are closely beset with 
small lateral projections, the so-called ‘ spines ’ or ‘ thorns,’ giving them a 
roughened appi'arance. 

Although it is a general rule that the axon extends to some distance from 
the cell before terminating — and this fact constitutes an important difference 
between it and the dendrons — in a certain type of cells met with in the grey matter 
of the central nervous system the axon begins to break up into branches near the 
cell-body (fig. 350). These branches are, however, quite different from those of the 
dimdrons and cannot be mistaken for them. Cells of the ordinary kind — the axons 
of which terminate at some distance from the cell-body — are known as cells of 
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type I. of Golgi ; those of which the axon*terminations are close to the cell-body 
are known as cells of type IL of Golgi. But it cannot be doubted that every 
transition must exist 
between the extreme 
examples of these two 
types. 

Some of the largest 
multipolar nerve-cells 
are those of the nuclei 
of origin of the motor 
nerves, and these con- 
tain the largest and 
most distinct Nivssl 
bodies. Very large cells 
are also found in certain 
parts of the cerebral 
cortex (motor region) 
and in the cerebellar 
cortex (cells of Pur- 
kinje, cells of Golgi). 

On the oth(*r hand, the 
presence* of a large* 

^ Fid, 350. - A CKI.L OK (rOLOIS TYI*K II. WITH AXON KNOINO IN 

number eit very small hamikk ation nkak thk ckli.-hody, niethod. (Cajal.) 

nerve-cells (‘ granules ’) a, a'\ axon ; d, d, d, aonarons. 



Fig. 351. — Two sympathetic oanolion-cells (man). (Cajal.) 

G, <7, axons ; h, e, intracapsular processes ; rf, knob-like ending of an intracapsular process. 

is characteristic of certain other areas of the cerebral cortex (sensory and avssocia- 
tion areas), and of the innermost layer of the cerebellar cortex (granule-layer). 
But every intermediate size occurs between the largest and the smallest nerve- 
VOL. II. PART I. ^ 
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cells. The largest nerve-cells which are known are those which give origin to the 
electric nerves of Malapterurns. These are large enough to be easily visible with 
the naked eye, and the cell-body is excavated with hollows and passages into 

which blood-vessels for 

Fl(». A <lAN(iM<)N-('KI-L Wn illN 1 I B BHK.ATH: KlloM TIIK IIl'MAN i^IlglcS. It Is illV CStcd 

SVMI'ATUK TK . ( Key iiiul lUitziuH.) ])v .j nucleated llHUll- 

branous slieatli, whicli 

is continiK'd oviu’ Mu' issuing c(‘Il-process(‘s (tig. 852). Tln^ axon is traceable to 
its tcTininatioii as a })al(‘ (iion-niedullated) inawc'-tibre : it soni(‘tinies, but rarely, 
l)e(*oines thinly inedullab'd.- 


8'he ('(‘lIs vnry gr(‘ntly in 
siz(‘, prol)jd)ly in conformity 
with th(‘ hmgth of tluhr 
axons. In th(‘ rabbit, harcy 
and guiiK'a-pig there are two 
nuclei in (‘ach sy]n[)at hcl ic 
cell (Hiib(*r). 8'he dendrons 
rar(‘ly (‘xtend beyond the 
con li IK'S of the ganglion in 
which tlu' c(*ll-body lies : 
tlu'V may end by ramifying 
around other cell-bodies in 
the ganglion. The (*ells of 
the sympathetic ganglia, serve 
as distributing stations for 
the nerv('-tibres which enter 
and end in tin* ganglia. 
The entering nerve-tibres 
are geiK'rally of the fine 
medullated variety ; these 
are derived from cells of 



the lateral horn and nei^di- 'two cells from a BVMPAiHETrc ganglion of 

. . i f 1 ^ SHOWING THE ENDING OF AKKEKENT FIHRES {<{) 

nourmg part or the grey around the cell-bodies and axons (/>,*. (Cajal.) 

!natter of the vspinal cord 

and corresponding situations in the grey matter of the medulla oblongata. 
On entering the ganglion in which they are to terminate they ramify amongst the 


^ In anipljilna they may he unipolar; L. Beale, Phil. Trans. ISGa ; Huber, Journ. Morph. 1889. 
* Huber, oj). cit . ; Langley, Journ. Physiol, xx. 1890. 
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ganglion-cells, and their fine terminal fibrils form synapses around the cell-bodies 
(fig. 353).* The axons of the cells pass out from the ganglion towards the 
periphery as non-medul- 
lated fibres, and these 
non-mediillated fibres end 
in connexion with the plain 
muscular and other tissues 
which are supplied by the 
sympathetic nerves.'^ 

The nervous plexuses which 
occur in the wall of the ali- 
mentary canal, and which are 
offshoots of the sympathetic, 
contain small norv(^-cells col- 
lected into small ganj^lia. In 
the plexus myentericus, as in 
most parts of the sympathetic, 
these cells are of two kinds 
(fig. .‘lod) — - viz. one with 
numerous short dendions and 
a single axon, and anotlu'r 
kind with numerous long jjio- 
cesscs extending far from tlie 
cell-body and distributed to 
the adjoining muscular tissue : 
in this st'cond variety no clear 
distinction is (‘vidcnl bctw('en 
axons and dendrons. In tlic 
])lexus submucos;e all the 
ganglion-cells are of this s(‘Cond 
type (lig. :i55).=‘ 

Lastly it may be mcntion<*(l 
that at the tcMininatiou of 
sympatlictic ncrvc-fibrc's in 
other situations r.f/. in tin* 
mucous mi'inbranc of the small 
intestine and within the villi, 
as well as in the plexuses in 
whieh the nerve-iibros to 
blood-vessels and some other 
organs end, small multipolar 
cells occur (fig. which 

are believed to be of nervous 
nature, since they become 
stained by methods which arc* 
specially selective for nervous 
elements. According to Cajal 
they contain neuro-fibrils. 

^ Fibrils ramifying around the 
cell-body of the sympathetic gan- 
glion - cell were described by A. 

Smirnow, but he regarded tiiein 
as arising in the cell (Arch, f . mikr. 

Anat. XXXV. 1890). Their true 
nature has been shown l)y A. S 
Dogiel and Cajal. 

See on sympathetic nerve-cells, A. S. Dogiel, Arch. f. mikr. /Vnat. xlvi. 1895, and Anat. Anz. xi. 
1896; litinidn y Cajal, op. cit . ; Juschtschenco, Arch. f. mikr. Anat. xlix. 1897. 

^ La Villa, Riv. trimestr. 18t)8. 

^ Drasch, Sitzungsb. d. Wiener Akad. 1880; Cajal, 1889, Nuevas aplicaciones del nietodo de Golgi, 
and Los ganglios y plexos nerviosos del intestino, 1895 ; Cajal and Sala, Tenninacion de loa nervios &c, 
1891 ; G. Retzius, Biol. Unters. 1892; H. J. Berkeley, Anat. Anz. 1893 ; A. S. Dogiel, Anat. Anz. x. 1895. 



Fio. 854. — Ckj.ls from the sympatiiktic, showjno thk 
TWO DJFFERKNT TYPES (A AND B) DESCRIBED IN THE TEXT. 
(Dogiel.) 

aXj axons ; pz^ dendrons. 
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of the nerve-fibre. Some nerve- fibres — grey or non-rnedullated fibres — are com- 
posed entirely of this axon, with perhaps a delicate (protoplasmic ?) slieath ; these 


fibres exhibit elliptical nuclei at frequent intervals. 
Such non-medullated nerve- fibres occur only in 
the peripheral offsets from the sympathetic ganglia. 
All other nerve-fibres {meduUated fibres) have 
a medullary' or myelin sheath immediately 
surrounding the axis-cylinder, and those outside 
the central nervous system have in addition a 
membranous sheath external to the medullary 
sheatJi : this membranous sheath has nuclei at 
regular and somewhat distant intervals on its 
internal surface, partly imbedded in the medul- 
lary slu'ath ; it is known as the nuclextied sheath 
oj Schwann or ncurolemma . 

Modes or constrictions of Xlanvier. — 
At equal regular intervals between the nuclei of 
the neurolemma occur interruptions or con- 
strictions in the medullary sheath (fig. 357) whicli 
se(‘m to be produced l)y the dippifig in of the 
neurolemma towards the axis-cylinder, around 
which it appears to form a narrow(‘d band, 
which was t(‘rmed by Ranvier the constricting 
hand. By thes(! constrictions of Ranvier the nerve- 
fibre is divided up into a series of equal segnumts, 
each of wliich has a nucleus of the sheath of 
Schwann at about the middh* of its length. On 
either side of each constriction the medullary 
sheatli is usually somewhat swollen (fig. 305), 
giving a nodular appearance to the nerves- fibre at 
the constrictions, like the nodes upon a bamboo- 
stern : hence the name nodes, which has benm 
applied to these parts of the fibre. Although the 
medullary sheath is interrupted at the constrictions, 
the axis-cylinder passes through uninterruptedly, 
and the neurolemma or sheath of Schwann is also 
continued over the node, although it is uncertain 
whether the continuity is not effected by the 
intermediation of cement-substance like that 
which connects together many epithelioid cells. 

The chief reason for believing that this may be the 
case is the circumstance that the ‘ constricting band ’ 
is stained by nitrate of silver in tho same way as tho 



intercellular cementing substance of epithelial tissues Fm. 857. — Portions of two nerve- 


(tig. 358). Staining fluids penetrate the nerve-fibre more 
readily at this point, and as the result of this penetration 
the axis-cylinder may become stained here whilst 
remaining unstained elsewhere. When this staining of 
the axis-cylinder at the node is effected by nitrate of 
silver, tho result of the combination of the coloration of 
axis-cylinder and of constricting band is the production 
of the appearance of a cross at each node : an appearance 
sometimes known as the cross of Ranvier. If the colora- 
tion of the axis-cylinder by nitrate of silver is carefully 
observed ^ith a high magnifying power it is often seen to 


FIBRES STAINED WITH OHMIC ACID 
(from a young rahhit). Diagram- 
matic. 425 diameters. 

li, H, nodes of Ranvier, with axis- 
cylinder passing through; u, neuro- 
lemma ; c, opposite the middle of 
the segment, indicates the nucleus 
and protoplasm lying betweem the 
neurolcmma and the medullary 
sheath. In A tlie nodes are wider, 
and the into rsegmental substance 
more apparent than in B. (Drawn 
by J. E. Neale.) 
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be in transverse bands with clearer intervals between them (fig. 358). This appearance, which is 
])robably due to successive precipitations of silver chloride within the semi-fluid substance of 
the axis-cylinder, was first described by Frommann, and is known as Frommann*8 striae,^ 


A B 





Fici. J]58. — Nkrvks stainki) with nitratk op silver. (Ranvier.) 

Simill black crosses are seen upon the nerve-fibres at the nodes. In C it is evident that 
these are produced by staining of tlie axis-cylinders, c//, and of the constricting band, a. 
\ sliows markings due to a layer of epithelioid cells which covers the surface of the small nerve- 
bundle. In C, ni denotes the medullary sheath. 



Fl(i. .'!5l).~l)l.\(iRAM TO SHOW 
rilE PARTS op A MKDl’I.- 
I-ATED PIHRE. ( Sharp<'}M 
1, 1, ncuroleinina enclosing 
the doubly contoured medul- 
lary sluMitli. ‘J, a part where 
tin* white substance is inter- 
ruj)ted, the outer sheath re- 
maining. axis - cylinder 

j^rojccting heyond the broken 
end. 4, part of the substance 
of the medullary sheath 
('scapevl. 



Fk;. 3 () 0 . — Photoijraph op part op a section op the sciatic 
NERVE OP A CAT. Osiuic preparation. (Schafer. j Magnified 
800 diameters. 

The medullary sheaths are black ; the axis-cylinders appear 
colourless. Nt)tice the variation in size of the fibres. 


' For a possible explanation of the mode of formation of Frommann’s striie, see Macdonald, Proc. 
Roy. Soc. B. Ixxvi. 1005, and Ixxix. 1007; also Quart. Journ. Exp. Physiol. 1009, vol. ii. p. 51. Cf. 
Macallum and Menten, Proc. Roy. Soo. B. Ixxvii. 1905. 
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From the above description it will be seen that a peripheral nerve-fibre consists 
of (1) the axis-cylinder OT axon in the centre, (2) the myelin or medullary sheath next 





Fi(i. — AVurrt: ou medi ij-atki) nekve-fihukh, showing the sinuous outline and 

DouiiUE fONToUHs. (Bidder and Volkinann.) 

Fio. ;’>C2. — Fink meduit-ated eihhes from the koot of a spinal nerve. (Valentin.) 
At ft tlie fibres liav(> been draj.'f^ed upon in iiroet'ss of teasinj^ and have become varicose. 

Fio. — A small part of a mkdullated firre iiiohly maonjeied. Half diaj^'rannnatie. 

(Scbiifer. I 

The fibri* looks in optical section likt* a tula? hence the term tubular, formerly applied to 
these fibres. Two partial breaclies of continuity are stam in tln^ medullary sluaith, which 
at these places exliibits a tendency to split into laminie. The neurolemma is here and 
there apparent outside tin* iiK'diillary sheath, and the delicate stria* which are visilde in 
the middle of the fibre indicate the librillated axis cylinder. 



)i 


Fio. Rfi-1. — Portion of a fresh medullateh NERVK-FiniiE from scta i ic of cat. (Schiifer.) 

Magnified fiOO dianu*t(!rs. 

Three of Schmidt’s intersegment al clefts are shown, and also the situation of a 
nucleus of the neurolemma fn). 

to the axon,’ and (3) the nucleated membranous sheath [neurolenima) most external 
359 to 365). In tJie nerve-fibres whicli still lie witliin tlie nerve-C(*ntres, and 
wliich constitute the wliole of tlie white substance of the brain and spinal cord, the 
membranous sheath is absent. Thesi* alemmal myelinated fibres tire far less 
tough, and therefore more difficult to isolate to any length than those of the 
nerve-roots and of the peripheral nerves, which are provided with neurolemma ; 

^ Donaldson and Hoke (Journ. Comp. Neurol. 1905) find that in every nerve the sectional areas of 
axon and medullary sheath are about equal to one another, coarser fibres liaving a thicker, and finer 
fibres a proportionally thinner sheath. ^ a, privative ; At/ayua, sheath. 
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but, on the other hand, their axons arc more easily displayed, because the myelin 
of the medullary sheath comes away from them more readily. 

The axiS‘Cylinder of the nerve-fibre, being in every case the axon of a nerve- 
cell, has the structure which has already been described for that process. It 
consists of a bundle of neuro-fibrils imbedded in a soft and probably protoplasmic 
matrix which fills the interior of the medullary sheath (fig. 363), but is liable to 
shrink after death (fig. 365). It is continued without interruption from its origin 
in a nerve-cell body to its termination in a perifiheral organ, where it generally 
ends by brandling dendritically, forming a terminal arborisation. 


The .size of nerve-fibres shows considerable variation (figs. :U)0 to .‘hifi). The largest (from 
8/4 to 10/4 diameter) are those to the muscles of tht; limbs and skeletal muscles generally: 
most sensory fibres are also of large size, but those from the viscera are of smaller calibi'o. 
I he smallest modullated fibres are those which b(‘long to the autonomic system, passing from 
the spinal cord to the sympathetic ganglia (prc-ganglionic libres of Langley). These are from 



Pio. BG5.— Portion or i’rksh mkdullated nehvk-fibue in which the am^s-lvjjnder has 

BEGUN TO HHUINK, SO THAT IT IS CLEARLY niSTINOUISHABLE FROM THE MEDULLARY 
SHEATH. Photograph. (Scliafor.) Magniliod 000 dianu'ters. 

A node of Kanvier is seen on the right. 

1*8/4 to 3*6 /i. Fibres of intermediate size, both eflerent and afferent, occur in some cranial 
nerves (fifth, seventh, ninth, tenth) and several spinal nerves.' The smaller modullated nerves 
are apt to become varicose on being teased in the fresh condition (fig. 302). Except in the 
autonomic system there scorns to be some sort of relationship between the size of the nerve- 
fibres and the length of their course, l)ut this does not follow any regular proportion. 

The medullary sheath of the nerve-fibre in the living unaltered state 
appears structurelcvss, except for the constrictions of Ranvier, which have already 
been described. Tliese are, moreover, due to the presence of the ueurolemma, for 
they are not seen in the alcmmal fibres of the central nervous system. Various 
evidences of special structure have been from time to time described in the medullary 
sheath (see below), but there is abundant reason to believe that they arc one and all 
the result of the action of reagentvS and of post-mortem coagulation upon the myelin 
of which this sheath is composed.*^ The myelin confers upon it a peculiar doubly - 
contoured appearance wlien examined at a certain focus. The presence of the 
myelin is also responsible for the dark ink-like staining which the medullated 
fibres undergo when treated with osmic acid. It is this sheath which shows the 
first signs of degeneration when the nerve-fibre is cut of! from its cell of origin, 
the continuity of the myelin becoming interrupted at first only here and there, 
but after a short time at very frequent intervals, so that it becomes broken up 
into globular masses, and these ultimately into small globules and granules of 
fatty material (Wallerian degeneration, see p. 245). 

The appearancoa in the medullary aheath which have been considered by various authors 
to represent a special structure invisible in living nerve-fibres are the following : 

(«) The conico-cylitidncal segments (Schmidt, Lantermann =*). These are always seen in 
teased preparations of peripheral medullated nerve-fibres (figs. 363, 364) and are particularly 

» On the size of nerve-fibres, see Gaskell, Journ. Physiol, vii. 1886; Edgeworth, ibid, xiii. 189*2; 
J. Fischer, Anat. Anz. xxvi. 1906 (autonomic fibres). 

^ Cf. Pertick, Arch. f. mikr. Anat. xix. 1881. 5 Arch. f. inikr. Anat. xiii. 1877. 
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conspicuous in osmic-acid-stained specimens (fig. 366). They have nothing in common with 
the regular segmentation of the nerve-fibre, which was described by Ranvier (see p. 229), but 
are produced by incomplete interruptions in the myelin of the medullary sheath, which are 
conical in form and are bridged across by fibre-liko strands of the material composing the sheath 
(fig. 364). When the axis of the fibre is focussed the interruptions appear to run obliquely from 



Fig. 366.— a portion op medullated nerve-pihre treated with osmu' A( id. Pliotograph, 

(Schafer^) 

The medullary Hheatli is stained black. A node of Ranvier is seen on the riglit and 
two medullary clefts in the course of the fibres. 

the neurolemma towards the axis-cylinder. 'JTie chief rea.sons for believing that these inter- 
ruptions are artifacts are — 

(1) They occur at very irregular intervals, so that the conico-cylindrical segment.s which 
lie between them vary greatly in length, some being short, others long ; nor i.s there any 
constancy even in their irregularity. 

(2) The less the nerve-fibres are mechanically injured, and especially pulled in the process 
of separating them, the fewer and less conspicuous are the oblique interruptions and the fewer 
the conico-cylindrical segments. On the other hand, their number and prominence can bo 
greatly increased by manipulation of the fibres. 

(3) They are not visible in fibres which are examined in intact transparent parts of living 
animals, such as the tran.sparent tail-fin of small fishes. 



Fig. 367. — Reticular appearance (neurokkratin) in aikdi i i shkath. i'hotograph. 

(Schafer.) Magnified 600 diameters. 

The axis-cylinder is coloured as well as the neurokeratin network. 

(6) A reticular structure {reticulum of the medullary sheath), combined with which there 
may bo an appearance of spiral fibres at the junction of the segments of Schmidt (fig. 367). ‘ 
Various reagents, but especially alcohol and ether, produce this appearance of a reticulum 
or sponge in the myelin of medullated nerves. There is, however, reason to believe that 
the apparent structure is due to the way the myelin constituents have undergone coagulation 
and separation under the influence of the reagent. For (1) the size of the reticulum varies, even 
in the same nerve- fibres,, with the strength of the reagent or reagents, and the rapidity with 
which they are allowed to act ; (2) no trace of such a structure is visible in fresh nerve-fibres ; 
(3) a similar reticular appearance can be produced in isolated drops of myelin. 

The reticulum is probably duo to the separating out in this form, under the influence of the 
coagulating reagents, from the complex material which forms the myelin, of a keratin-like 
substance {neurokeratin, Kiihne). This, after such separation, is capable of being stained 


G. Sala (and Golgi) Vorhandl. d. Anat. Gesell. 1901 (Anat. Anz. xviii.) 
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distinctively by carmine and other dyes, which entirely fail to affect it whilst it is still in 
combination in the myelin.* 

(c) A rodded structure. This is seen after the action of certain reagents, especially ])icTic 
acid. The medullary sheath of the fibres seems after this treatment to contain a large number 

of fine rods, which in transverse sections radiate out from 
the axis-cylinder towards the neurolemma like the spokes 
of a wheel (fig. 368), and in longitudinal view run ])er- 
pendicularly between the axis-cylinder and neurolcmma. 
The a])pearance is also, there can be little doubt, due to 
the peculiar manner in which the reagent has caused 
coagulation of the myelin of the medullary sheath, one 
of its constituents having become separated out in a 
semi-(uystalline rod-like manner. No trace of such 
structure is visible in fresh nerve. 

The neurolemma, wliicli is also known as the 
nMcleated sheath of Schivann and primitive sheath, 
forms lie outermost stratum of the medulhitod 
nerve-fibre in peripheral nerves. It is a homogene- 
ous membranous layer, very tliin but sonu'what 
tough, serving toeontain the soft myelinie substance 
of the medullary sheath. As already mentioned, 
it is absent in th(» fibres of the substance' of 
the brain and cord.'*^ The oval nuclei which 
lie on the inner surface of this sheath, although 
imbedded in the myelin of the medullary sheath, 
undoubtedly belong to the neurolemma, for they 
are not seen in the alennnal fibres of the brain and 
cord : they appear to be the nuclei of the cells from which the primitive sheath 
was originally formed. Probably they represent cells which have wandered out in 
the embryo from the neural ectoderm and have undergone spechil modification 
to adapt them to the purpose of enslu'athing the peripher,‘d nerve-fibres (sheatli- 
cells, see p. 213). Whether tlu' membrane of the primitive sheath is actually 
continuous ovc'r the constrictions of Ranvier from segment to segment of tlu' 
nerve, or whether the segmental portions of this sheath are merely united by cement- 
substance at the nodes, as the fact that it stains black when treated by the silver 
methoil seems to indicate (see p. 221)), is not fully ascertained, but in any case 
thi‘n‘ seems little reason to doubt that each segmimt of the neurolemma represents 
a single cell which has become enwrapped around the medullated fibre and has 
thereby imparted to this a segnu'iited character. There is sometimes to bi‘ s(‘en 
in the immediate neighbourhood of the nuclei a small amount of finely granular 
substance, which may be regarded as a remainder of the original protoplasm of the 
sheath-cell. 

It> (lu‘ medullated nerves of osseous fish there may bo several nuclei between each j)air of 
nodes, and the protoplasm in which they lie may send processes through the medullary sheath 
towards the axis-cylinder.^ 

The axis-cylinder is the essential part of the nerve-fibre. At its origin from the 
cytou or nerve-cell-body the nerve-fibre consists only of axon without any sheaths, 
and at its termination in the periphery it is commonly found that the medullary 
sheath and neuroleinma cease a short distance before the actual ending of the fibre, 

' On the neurokcratin of the medullary slieath, see S. Hatai, Jour. Comp. Neurol, xiii. 1008. 

Bikcles found (in posterior roots of lumbar nerves) that Schwann’s sheath is absent close to tlie 
cord, being there replaced by glia-cells, and that if the root be crushed regeneration of the nerve-filires 
extends only as far as this point (Neurol. Centralbl. 1907). 

* NemilolT, Arch. f. mikr. Anat. Ixxii. 1008. According to Nemiloff, both the neurokeratin network 
and also the septa between the conico cylindrical segments are occupied by these processes. 



Fju. 8ti8. Sfu:tion acuoss paut of 

A NKltVK-THUNK, HIlOWINU THE 

SECTIONS OF THE NEUVE-FIIUIES. 

From a photograph. (Scliiifer.) 

I (|(M> 

1 

The nerve was hardened in picric 
Mcid and stained with picrocarmirie. 
Tlie radial striation of the medullary 
slieath is very apparent. In one 
fibre tins axis-cylinder is shrunken and 
the medullary striations ar(‘ broken. 
The fibrils of the axis-cylinder are 
clear in sec-tion and suggest a tubular 
striieture. 
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and that the nerve-fibre is continued to its termination by the axon alone, which 
is here usually branched. The axis-cylinder is therefore nothing but the axon of 
the nerve-cell, and its structure is the same therefore as that of this process, con- 
sisting of a bundle of fibrils (neuro-fibrils) which are imbedded in a homogeneous 
matrix (fig. 369). At the origin of the fibre in the body of the nerve-cell the neuro- 
fibrils tend to diverge towards all parts of the cell-body and towards and into 
the dendrons. At the termination of many nerves they also show a tendency to 
separate from one another, passing into the several ramifications of the nerve-ending, 
and eventually even running singly to their termination : here the individual 
fibrils are often themselves branched. But whether they branch in the actual 
course of the nerve-fibre is uncertain and difficult of determination. As already 
stated (p. 217), some authorities have held that these fibrils are in constant inter- 



Fl(i, S69. -MkDUI.T.ATED NEHVK-FritUK OF FUoe,, SEEN IN TRANSVERSE AND LOS( J ITU DIN AE 
SECTIONS. Osinic acid and acid fuclisin preparation. (Bicdermann.) 

The lont'itudinal section shows a node of Ranvier and two clefts of Schmidt. 

Both sections exhibit tlie fibrils of the axis-cylinder. 


communication throughout the length of the fibre, and have ri'garded them in the 
same light as the network of fibrils which has been described in many forms of 
protoplasm, but with the meshes of the network greatly drawn out in the direction 
of the length of th(‘ nerve-fibre. This was the view advocated by Frommann. 
On the other hand, Max Scliultze, who first described these fibrils as definite con- 
stituents of the axis-cylinder, held that th(‘y are quite unbranched, and do not unite 
with one anotlier throughout their whoh* course (fig, 320). Tliis view is on the 
whole that which is supported by most authoriti(‘s, although it must be admitted 
that the observations of Apathy and others which have alr(*ady been riderred 
to seem to indicate that the isolation of the neuro-filiril is by no iiKnins an 
established fact. Moreover, an exception must in any case be made for the nerve- 
endings, where there is abundant evidence of the existence of branching and reunion. 

It is stated by (1. ]Manii ‘ thattlio fibrils arc the only parfs of the nerve which are continuous 
at the nodes of Ranvier from segment to segment. But it is impo.ssible to be sure there is no 
intcrfibrillar matrix between them : all that can be atlirmed is that if jirescnt it is in much 
smaller amount here than elsewhere. 

That the fibrils are not solid but of a .semi-fluid nature is probable from tin* faet that they 
easily become varicose, with little beadlets or droplets upon their course : this is what one would 
expect with a viscous fluid, but not with a .solid material. In transverse s(‘ctions of the axis- 
cylinder the fibrils look like fine dots lying within a clear matrix : with a vi iy high magnifica- 
tion the dots appear to be encircled by a differentiated outline, as if each filiril were a hollow 
tubule (tig. 3(58). The experiments of Carl.son indicate that the conducting suhstanco of nerve 
must be fluid. - 

Some authors have dc.scribed a special sheath {shfoth of Maulhner) around the axis-cylinder 
separating it from the myelin, hut there is no clear evidence of the existence of such a sheath, 
although, after death, the axis-cylinder may .shrink away from the medullary sheatli and 
leave a clear interval between. It .seems highly prohahlc that axis-cylinder and myelin 
sheath are originally parts of the same structure : the myelin being laid down or secreted by 
the protoplasm of the axis-cylinder ; or, tx) put it in another way, that the original protojilasm 
which forms the axon of the nerve-cell undergoes differentiation in its external part to form 
the myelin sheath, which surrounds the central or internal ])art in which alone neuro-fibrils 

^ Verhandl. d. Anat. Gesellsch. 1898. 

A. J. Carlson, Journ. Exp. Zool. i. 1904; Amer. Joum. Physiol, xiii. 190(5; Jenkins and Carlson, 
Joum. Comp. Neurol, xiii. 1908, and xiv. 1904. 
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become formed.' The alternative view, that the myelin is formed by the cells which produce 
the nucleated sheath or neurolcmma, is less probable, .since these cells do not exist in the 
substance of the brain and cord, although the fibres hero are all myelinated. Further, all 
degenerative changes which occur in a nerve-fibre, whether in the central nervous system or 
at the periphery, are shared equally by the axis-cylinder and the surrounding myelin ; in the 
latter they appear, in fact, to commence. 

Kon-medullated fibres. — These (figs. 370, 371) are exclusively connected 
with sympathetic ganglion-cells, of which they represent the axons. They have 



Fio. 870. — Non-medullated nerve-fibres. (Schafer.) Magnified 400 diameters. 

nuclei upon them at frequent intervals. The.se nuclei appear to be interpolated 
in the sul)stance of the non-medullated fibre, although they have been thought 
to bchniu (o ;i (h'licato sheath. It is, however, impossible to demonstrate the 

existence of such a sheath as distinct from the 
axon. Non-medullated fibres are destined for the 
plain muscular tissue of the viscera and blood- 
vessels, for the arrector muscles of the hairs (]3ilo- 
motor nerves), for the muscular tissue of the heart, 
and for the cells of secreting glands,’ and in all 
these situations they end by fine extended arbo- 
risations between the tissue-elements to which 
their twigs are applied, sometimes in the form 
of small dilatations. In some situations the 
endings have been described as continued into 
the interior of the cells, but whether this is so 
must be regarded as doubtful. 

Although chai’acteristic of sympathetic nerves, to 
which they impart when numerous a greyish appearance, 
non-modullated fibres are also found intermingled with 
the medulla ted in most peripheral nerves (to which they 
have passed from the sympathetio).- They are not found 
in the central nervous system, if we except those dis- 
tributed to the blood-vessels of the brain and cord, nor 
in the nerve-roots except such fibres as may be passing 
along the roots to those blood - vessels. But in the 
anterior nerve-roots of all the thoracic and most of the 
lumbar nerves, in those of the second and third sacral, 
and in the roots of some of the cranial nerves (seventh, 
ninth, tenth, and eleventh) there occur amongst the 
ordinary large and medium-sized nerve-fibres a number 
of very fine medullated fibres which are usually collected 
in one or more distinct groups, and which are looked upon as belonging to the autonomic 
nerves.* In the case of the spinal nerves these fine medullated fibres pass to the nerve-root 

1 All protoplasm contains the constituents of myelin ; probably that of the nerve-cell more than that 
of ordinary ei'lls. Sometimes tlie body of a spinal ganglion-cell has an envelope of myelin (fig. 847) 

^ According to F. S. W. Hanson (Anat. Record iii. IJMH)), non-medullated fibres are much more 
numerous in ordinary nerves than has usually been supposed. He regards them as arising from the 
small ganglion -cells of the spinal ganglia, having found that after division of a nerve which contained 
only 1,600 medullated fibres, no fewer than 4,600 of the spinal ganglion-cells underwent Nissl degenera- 
tion (Journ. Comp. Neurol, xvi.). 

The autonomic system of nerves and ganglia includes not only what has hitherto beeu known as 
the sympathetic system, but also other nerve-fibres and ganglia which are distributed to the visceral and 
vascular system, such as the inhibitory fibres of the heart, the secretory fibres of the secretory glands, 
the vaso-dilator fibres of the pelvic viscera, &c. Langley, SSchlifer’s Text-book of Physiology. See 
also Schiifer and Symington’s Neurology, Part I. (vol. iii. Part I. of this work). 



Fig. 871.— Section ok kart of a 
sympathetk; nerve of ihf, ox. 
(Cajal.) 

p, perineurium; R, non-medulla tc<l 
fibres; n, a nucleus. 


NON-MEDULLATED FIBRES 


237 


from cells in the lateral horn (intermecliolateral tract),* leaving tho nerve-centre as the white 
Tamils communicans and entering either one of the ganglia of the sympathetic chain or a 
ganglion nearer the periphery; they terminate by an arboresoence of tho axis-cyliiuhi aiuund 



Fig. 372. — Endings of sympathetic neuve-fibres in small ganglia of heart. 
Methylene-blue preparation. (A. S. Dogiel.) 

In A the cells are omitted ; in B they are shown. 


the ganglion-cells. Since it is from these cells that the non-medullated fibres pass to the 
visceral and vascular systems, it is clear that the ganglia in question form an intermediate 



Fig. 873 . — Ending of autonomic nerves (probably from vagus) in a small peripheral 
GANGLION OF THE HEART, Methylciie-blue preparation. (A. S. Dogiel.) 

The cells are not represented; they occupy the spaces between the terminal ramifications of 

the nerve-fibrils. 


station, in which one set of nerve-fibres of the nerve-chain ends and others begin. The cells 
of the sympathetic ganglia act, therefore, as distributing agents for the nerve-impulses which 
reach them from cells in the lateral horn of the .spinal cord and from corresponding nerve-nuclei 
in tho bulb. 

^ For the evidence on this point, see Biedl, Wien. klin. Woch. 189.5 ; H. K. Anderson, Journ. 
Physiol, xxviii. 1902; P. T. Herring, ibid. xxix. 1903. See also Neurology, Part I. p. 81. 
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STRUCTURE OF THE NERVES AND NERVE-TRUNKS 

The nerve-fibres in the peripheral nerves run together in small bundles, which 
are circular in section (fig. 374) and are named funiculi ; these are gathered together 
to form the nerve-trunks. The funiculi are very variable in size, according to the 
number of fibres which they contain, and when there are several funiculi composing a 
nerve-trunk, they arc constantly branching and uniting with other funiculi in their 
course along the nerve, so that it is impossible to dissect out a single funiculus for 
any distance. But while the funiculi thus branch and unite, the individual nerve- 
fibres which they contain run unbranched from the one funiculus to tlui other, 
and by this constant interchange the nerve-fibres, however various their origin, 
become, as a rule, thoroughly mixed up as they pass along the nerve-trunk. 



Fio. S74. - Section of sciatic nerve of man. Low-power photograph. (Sehiifor.) 

Twelve funiculi of dilTerent sizes are included in the figure, each enclosed in its 
lamellar perineurium. The epineurium contains numerous fat-cells, which appear 
white in the })hotograph. 

Exceptions are, however, found in which nerve-fibres of one origin remain within 
their own funiculus, which is merely attached, as it were, to another nerve, its fibres 
remaining unmixed with the fibres of the latter : an example of this is presented 
by the chorda tympani, which leaves the facial nerve in the aqueduct of Fallopius, 
and, passing across the cavity of the tympanum and through the Glaserian fissure, 
attaches itself to the course of the lingual branch of the fifth, by which it is con- 
ducted, without mingling with the true lingual fibres, towards the subrnaxillary 
and sublingual glands, and the tongue, to all of which it is eventually distributed. 

Each funiculus is encircled by a sheath of connective tissue, which is termed the 
'perineurium (Key and Retzius (figs. 374, 375). It is composed of very thin layers or 
lamelhe of white fibrous tissue, the fibres of which run circularly near the surfaces 
of the lamelhe. Intermixed with these in the thickness of each lamella are a certain 
number of fine elastic fibres, disposed in the form of a network. Each layer thus 
constituted is covered on its surfaces with flattened pavement-like (epithelioid) 

1 Studien in der Anat. dea Nervensyatems, 1896. . 
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connective-tissue cells. Although the lamellao are in contact with one another, 
it is possible to force injection material between them, and this may then find its 
way along the funiculus for a considerable distance. The intervals between the 
lamelloe represent, therefore, potential lymph-spaces, audit has been shown by Key 
and Retzius that at the nerve-roots, where these leave the skull and neural canal, 
the cerebro-spinal fluid, which fills most of the room within these cavities which is 
not occupied by the brain and cord, can pass into and along these cl^ts in the 
perineurium, and can thus drain slowly away towards the periphery along the 
nerves. 

The regular arrangement of the lamellae of the perineurium gives place within 
the funiculus to a looser tissue, which occupies the interstices between the nerve- 



Fio. 875 .— Section of a funiculus of the sciatic nerve of man. 

(Prenaiit, Bouiu, and Maillard.) 

p, perineurium; ?n, transverse section of medullated nerve-fibre; 71, uon-medullated fibres; 

e endoneurium. 

fibres. To this tissue the name of endoneurium has been applied. It consists in 
the main of fine longitudinally disposed white fibres running between and amongst 
the nerve-fibres, and serves to support these and to conduct amongst them the 
relatively small number of capillary blood-vessels which are supplied to the 
interior of each funiculus. There are also a few connective-tissue cells. 

A nerve may consist of but a single funiculus, containing few or many 
nerve-fibres. Even nerve-fibres which are running singly to their destination 
are invested by a sheath which is continuous with the funicular sheath of the 
nerve-trunk or nerve-branch from which the fibre has been derived. Such a 
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sheath enveloping a single nerve-fibre is named sheath of Ilenle ; it has the 
same structure as the perineurium, but with fewer lamell®, and it encloses 
a prolongation of endoneurium. It takes a conspicuous part in the formation 
of the special organs in which nerve-fibres terminate, such as the Pacinian 
corpuscles and end-bulbs on many sensory nerves. 

On the other hand, as has already been intimated, a large nerve may consist 

of several funiculi interlacing with one another 
in their course. Between the funiculi and 
also surrounding the whole nerve lies a con- 
siderable amount of loose areolar tissue, which 
conducts to the nerve the larger blood-vessels 
which are distributed to it, and also contains 
lymphatic vessels, and here and there sensory 
nerve-fibres (nervi nervorum) for the supply of 
the nerve- trunk itself and terminating in 
end-bulbs.' To this loose connective tissue 
outside and between the funiculi the name 
epineurium has bi'cn applied. It is continuous 
with the surrounding areolar tissue and forms 
a sort of tunica adventitia to the whole nerve. 
It often contains a large number of fat-cells 
(fig. 374). 

The sympathetic nerve-trunks have the 
same general structure as the cerebro-spinal, 
but the funicular sheaths are thinner (fig. 376). 
In the section of the main nerves there is 
a considerable proportion of fine medulla ted 
fibres amongst the non-medullated, while in the peripheral branches of the 
sympathetic the relative number of medullated fibres is greatly reduced. 

Tlie optic iKU’ves have a special structure, being (uiclosed by extensions of the 
brain membranes and divided up into angular bundles and not into cylindrical 
funiculi enclosed by perineurium (see Neurology, Part II., p. 220). 

Tho amount of conncctiv(i tissue in a nerve-trunk is altogether considerable. Ellison • 
found in tho median nerve of the horse 03 per cent, of connective tissue; of the remaining 
37 per cent, only 9 parts were occupied by axis-cylinder, the rest being medullary sheath.-' Tho 
splenic nerve gave bl per cent, of connective tissue and 39 per cent, nerve-fibre substance. 



Fio. H7G. Skction or thouacic sym- 
PATHKTic CORD OF CAT. Osmic pre- 
paration. (Fischer.) 

Tlie nerve is composed in almost equal 
parts of fine medullated fibres (3, 4) de- 
rived from ventral spinal roots, and of 
non-medullated fibres (fj) derived from 
tho cells of the sympathetic ganglia; 
2, perineurium ; 1, epineurium witli fat- 
cells stained black. 


STRUCTURE OF GANGLIA. 

Ganglia (figs. 377 to 379) are constructed somewhat similarly to the nerves 
upon which they occur, being enclosed by a firm connective-tissue covering which 
sends septa of the same tissue into the interior of the ganglion. But the 
distinctive funicular sheath or perineurium of the nerve-bundles is not seen 
in their progress tlirough the ganglion, the bundles being much broken up 
as they enter it and gradually losing themselves amongst the groups of nerve- 
cells. Each cell of a ganglion is invested with a nucleated sheath continuous 
with the neurolemma of the nerve-fibres (fig. 378), and, in the case of the 
sympathetic ganglia, with sheaths which invest all the branches of the cell for a 
short distance (fig. 352). In the cerebro-spinal ganglia of vertebrates the nerve- 
cells are bipolar or unipolar ; in the ganglia of the autonomic system they are 
multipolar, and in some animals they commonly contain two nuclei. In man 
the nerve-cells of the spinal ganglia and of the corresponding cerebral ganglia are 

^ Horsley Brit. Med. Journ. 18S4. See also Frees, Arch, slaves de biol. iv. 1888. 

* Journ. Physiol, xxxix. 1910, 3 Cf. however Donaldson & Hoke, op. cit. 
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always unipolar, although in the early embryo they were bipolar (see p. 222). 
But the ganglia upon the vestibular and cochlear divisions of the eighth nerve 


Fig. 378. — From a lon(jitui)Inal skction of hfinai. ganglion of dog. (Schafer.) 
Magnified 226 diaineterH. 


The difference in size and appearance of the ganglion-eells is noticeable. Tlic nuclei of the 
slieath'Cells are also clearly visible. 


(ganglion of Scarpa and ganglion of the cochlea) retain their bipolar condition 
throughout life. ^ ^ 

^ The microscopical characters of the spinal -ganglion cells have already been considered (pp. 221, 222), 
For numerous details regarding them, see S. llatai, Biol. Bull. iii. 11102; Decoiin. Publ. of Univ. of 
Chicago, 1903; and Joum. Comp. Neurol, xii. xiii. and xiv. 1902 and 1903 ; Lugaro, Riv. d. pat. nerv. e 
ment. v. vi. vii. and viii. ; Warrington and Griffith, Brain, 1904 ; Warrington, ibid. 1904 ; Cajal, Textura 
del sistema nervioso, 1904, and Trabajos, &c. iv. 1905; Hardesty, Journ. Comp. Neurol. 1905 (frog). 
According to Donaldson and Hatai, many of the cells of the spinal ganglia possess no processes ; 
these are probably cells which have never become fully developed. A. H. Dogiel, who has published 
a monograph on this subject (Bau der Spinalganglicn, Fischer, 1908), describes eleven types of cell in 
these ganglia, one being multipolar. He regards the free nerve-endings over the cells as the terminations, 
of sensory or of sympathetic fibres. 
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HISTOGENESIS OF NERVES. 

The embryonic development of the nerves has already been noticed (p. 203). 
It was there shown that all nerve-fibres and nerve-eells whether belonffinff to the 



Fi«. 87U.— Fhom a hkction of a sympatmktic oanolion of 1)0(3. (SchiifGr.) 
Magniliod 225 diameters. 

The cells arc smaller than those the spinal ganglion, and the nerve-fibres are much 
smaller and more interwoven. 



880.— iNEUIlOBLASTS FKOM SPINAL CORD OF A 
CHICK DURING THE THIRD DAY OF INCUBATION. 

(Cajal.) 

A, three neuroblasts stained by Cajal’s method 
to show neuro-fibrils ; B, a nenroblast stained by 
Golgi method ; r, incremental cone. 


central nervous system or to the peri- 
pheral and sympathetic iierves, are 
originally neiiroblasts derived from the 
neuro-sensory ectoderm, and tliat in 
the case of the afferent nerve-fibres, 
such as those of the dorsal or posterior 
roots, the axis-cylinders grow from the 
neuroblasts of the neural crest (F. M. 
Balfour), which become separated off 
to form the spinal ganglia.^ From 
these afferent or sensory neuroblasts 
growth takes place both centripetally 
into the nerve-centre and centrifugally 
towards the peripheral sensory parts ; 
while in the case of the efferent nerve- 
fibres, those namely of the ventral or 
anterior roots, the axis-cylinders grow 
only centrifugally from their cells of 
origin, which here lie within the nerve- 
centre (neuroblasts of the nerve- 
centres), and thence eventually pass to 
and unite with the muscular fibres. It 
is a characteristic of all growing axons 


that their growing extremity is a protoplasmic expansion (fig. 380) : this is known 
as the incremental cone (Cajal). A similar expansion is seen in regenerating nerves. 

* R. G. Harrison (Amer. Journ. Anat. v. 1906) has ahown that after removal of the neural crest in 
tadpoles the dorsal roots and ganglia fail to develop. The sympathetic ganglia are formed from off- 
shoots of the rudimentary spinal ganglia. Schenck and Berdsall, Mitth. a. d. embryol. Instit. in Wien, 
1879 ; Onudi, Arch f. mikr. Anat. xxvi. 1886 ; W. His (junior), Sachs. Abhandl. 1891 ; Arch. f. Anat. 
1897 ; S. Joan Moiklejobn, .Tourn. Physiol, xxxvi. 1908; Williamina Abel, Proc. Roy. Soc. Ed. xxx. 1910. 
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So far as is known, this is the only mode of development of nerve-fibres — viz. 
as outgrowths from neuroblasts — and they always, whether in the nerve-centres 
or in the nerve- trunks, at first appear as pale fibres, destitute botli of neuroleinjiia 
and of medullatcd sheath. 

This doctrine of the outgrowth of iurve-librcs from neiirohlasts was originally formu- 
lated by W. His, whoso classical researches on the subject are well known,' and have been 
oonlirmod by nearly all modern investigators. E. M. Balfour - thought that tho ncrve-rd)res are 
produeed by the union of colls in chains, the cells passing out from the neural canal in a sort 
of bud-like growth. But it is now usually held that these are ‘ lemmal ’ or sheath-cells, and 
are concerned in tho fonnation of the sheath of Schwann. Some observers “ still think that the 
peripheral nerves are developed either from or within a syncytium of neuroblasts : (lurwitsch^ 
believes the syncytium to be formed of mesoderm elements along which tho axons of tho neuro- 
blasts grow, and which become the cells of Schwann’s sheath. But the ])re]mnderanco of evi- 
dence is in favour of an (‘ctodennic origin, both of the axons (a point which is conceded by 
nearly all authorities) and of the sheath-ctdls. '.rho mode of formation of Schwann's sheath 





from the sheatl)-cells has been studied by Bardeen.-’ According to Hardesty,nhere aro sheath- 
cells even within the central nervous system, although not apparent until the nerve-tibros are 
medullatcd. But since there is no sheath of Schwann on th<i fibres of the brain and cord, the cells 
described by Hardesty are probably of the nature of glia-cells. A few authors, however (amongst 
them Sedgwick,’ Graham Kerr," and HckH) still hold tho opinion which was originally put 
forward by Hensen,'" that the connexion between nerve-cell and muscle-fibre or other peri- 
pheral element is primary, and tliat the intervening nerve-fibre has become as it were spun 
out in the })rocess of growth by the gradual se|)ara1ion from one another of the elements which 
it connects. But this view is not sup])orted by tho ordinary elective methods of staining 
nervous elements, and is at variance with many w(‘ll-ascertaincd facts relating to the structure 
and functions of the nervous system. Rcc( ntly Harrison has supplied an objective demonstra- 
tion of the outgrowth of fibres from nerve-cells by tho study of isolated neuroblasts of the 
tadpole in which ho has been able to observe the growth of the axon proceeding under the 
microscope. It is also seen in the growth of nerve-fibres in the tail of tho amphibian larva 
(fig. 381)." 

' Unters. ii. d. erste Anlage d. Wirbelthierleibes, 1868 ; Abhandl. d. Kunigl. Sachs. Gesellscluift 
1886, 1888, and 1881) ; Arch. f. Aiiat. 1890. " ’ 

^ Phil. Trans, clxvi. 1875 ; and Comparative Embryology. 

•’ O. Sehultze, Arch. f. inikr. Anat. Ixvi 19u5 ; H. Held, Anat. Anz. xxx. 1907. 

* Arch. f. Anat. lf)00. '» Amer. Journ.Anat. ii. 1902-8. « Amer. Jouni. Anat. iv. 1905. 

" Quart. Journ. Micr. Sci. xxxvii. 1894. « Trans. Roy. Soc. Kdin. xli. 1908-4. 

' Arch. f. Anat. 1907. »" Vireli. Arch. 1864. 

n 1 roc. Soc. Exp. Biol. iv. 1907. Cf. also the same observer’s experiments sliowing growth of nerve- 
nbres into grafted limbs {Amer. Journ. Anat. vi. 1907 ; Journ. Exper. Zool. iv. 1907). 
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T]i(‘ fil)res wliicli are thus first formed are axis-cylinders, or will become such. 
They are accompanied or followed by an outgrowth of the neural ectoderm, the 
C(‘lls of wliicli form the sheath of Schwann.^ They also become surrounded by 
cells from the adjacent mesoderm, which penetrate between them, and eventually 
produce tin; connective tissue of the nerve-sheath (epineurium, perineurium, 
endoneuriurn). In tin; n(‘rv(‘-centres very little connective tissue passes between 
th(‘ nerve-fibres, which ar(‘. there supported by the spongioblasts (see p. 205). 
'I1ies(‘ ar(‘ cells which liav(‘ a common (ectodermic) origin with the neuroblasts, 

although th(*ir function, according to 
if is, is early diflerentiated." From the 
s po n giob I a s t s , n e u rogl ia -cells a ppea r 
ultimately to b(‘ producial, and these, 
within tlu' c(‘ntral nervous system, take 
on much th(‘ same supporting function 
which is elsewher(‘ fulfilh'd mainly hy 
connective f issu(‘.-^ 

The medullary sluaith do(‘s not 
mak(‘ its appearance until a corn- 
])aratively late period of embryonic 
lif(‘, and there is some doubt as to 
its mod(‘ of formation. It first 
ap])ears as a thin layer of myelin, 
not infrequently interrupted, which 
closidy enslu'aths the axis-cylinder, 
and is itself (‘nsh('ath(‘(l by tlu' 
nucleated neurolemma or sheath of 
Schwann (tig. 582). Some authors 
r(‘f(‘r the formation of tlu' medullary 
sheath to the cells which compose 
th(‘ nucl(*at('d sheath of Schwann, 
but it is mor(‘ jirobabh* that it is actually formed by tin' axis-cyli*ider, or liy the 
])roto])lasm which forms tlu‘ ])eripheral laym* of th(‘ axis-cylinder in its embryonic 
condition, and for the following reasons — viz. (1) that in tin' cimtral nervous system 
the nu‘dullat(‘d nerve-tibres never at any time poss(‘Ss this nucleated sluaith ; 
(2) that in regenerating nerve-fibres, a. thin medullary slnaith appears around the 
growing axis-cylinders before these are surrounded by a nucleated slieath. Th(‘ 
neurolemma or sheath of Schwann, on the other hand, apjiears certainly to b(‘ 
formed by c(‘lls which have applied themselves to and have become flattened out 
around tlu‘ pre-fornied axis-cylimhu*. Wheth(‘r they ari‘ to be regardi'd as of 
mesoderrnic origin (Vignald Kolliker •’), or whether they have been derived from 



-S I' A(i Ks IN riiE i’oumation ok riiK 
MYK.FilN OK IIIK M K, DC I ,KA U V SlIKATII IN NK.ItVK- 
KUtUF.s, { lltirdcou.) 

'riio ii('i^dil)onrl)oo(l of I he ikkIos of RiOivi(^r 
rcnuiiiiH fi(>K from myelin Inter tluin tlie rest of flm 
nerve- lihre. 


* Selnii)er (Areh. f. KnlAviekehmgsgeHch. v. 18117) (listiiiguislies two kinds of migratory cells — viz. 
sifiti pui hrtic firit nTljIasts and i luUffennt rrlls. li. (J. Harrison (Arch. f. mikr. Ajiat. Ivii. 11)01) 
regards the migrating cells as probably forming tb« motor cells of the sym))atbetic ganglia. Kolm 
(Arib. f. mikr. Aiuit. Ixx. 1007) and Carpenter and Main (Anat. Anz. xxxi. 1907) also suggest that some of 
these tadls which wander out from the neural eekHlerni may become motor syinpatliotie cells. Kunz 
(Anat. Record, iii. 1909) considers the migratory cells to he of two kinds, one forming the ganglion-cells 
of the sympatihetie and tlie oth(*r being slieath-cells. Kunz (Anat. Anz. xxxv. 1909) describes a similar 
migration along the vagus m>rve hotli from its ganglion and from the neural canal, the migratory cells 
forming ganglia in the viscera supplied hy the vagus. 

- Cajal, however, states that many of tlu' ueurohlasts are directly derived from cells which are 
((h'utieal with th(‘ spongioblasts of His. 

’ It is not certain that alt neuroglia-cells are derived from ectoderm elements. Aiidriezeii (Brit. Med. 
Joiun. 1898) deserihed two types of these cells, one with long unbranched fihre-like* prooesses (spider- 
eells), th(‘ other with dendritic processes, and suggested that the latter may owe their origin to 
mesodennie ehmu'nts (see also on tliis subject, Hatai, Joiirii. Comp. Neurol, xii. 19()‘2). 

' Arch, do physiol. 188il and 1881. See also Boycott, Jourii. Physiol. 1908. 

■’ (iewehclehre. 
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the iieiu’al epitlieliurn, and are therefore ectodermie in nature, is a question 
whicli requires further investigation ; the latter appears the more probable 
hypothesis.^ 

The formation of the medullary sheath occurs, not simultaneously over tlu' whole 
nervous system, but in regular order along definite tracts at different periods of 
late foetal and early post-foetal life ; the knowledge of this in the hands of Flechsig 
lias proved an important means of tracing the course of strands of fibrt's in the 
nervous centres. 

Th(*. fact that the nerve-segments or internodes of the peripheral nerves are 
considerably shorter in the young animal points to the existence of an int(‘rstitial 
as well as a terminal growth of nerve-fibres. Besides such expansion of the inter- 
nodes, Vignal has described auotluu* method of growth in length of nerv'e-ffbr(‘s ; 
C(*lls similar to those which originally produced tlu* nucleated sheath, applying 
themselv(‘s to the axis-cylinder at the nodes, and determining an increase in length 
of the nodal axis-cylinder, upon which a formation of mv(‘liu occurs, so that a short 
segment l)(‘comes intercalated at the node. These short segments soon grow 
so as to attain the lengtii of the remaining segnnmts of the nervavfilire. 

Neuro-hbrils apjiear comparatively early in the neuroblasts. They have bt‘en 
detected even before the axon-process begins to grow out from th(‘ cell-body, and 
increase in numlx'r as development proceeds.*'^ 

OKUENEKATION AND HKOUXKKATION OK XKRVKS 

The divid(‘d (Uids of a mu-ve that has Ixam cut across rc'adily lamnite by cicatricial 
connective tissue, but the cut ends of the ffbres themselves do not thus unite. 
On the contrary, soon aft(‘r the section, a process of degeiu’ration begins in the 
peripheral or severed portion of the nerv(‘. The medulla of the white fibres breaks 
up into a granular mass eonsistitig of fatty globules, and is eventually totally 
remov(‘d, its ])lace being tak(‘n by a mass of protoplasm ; the axial fibre also (*arly 
breaks uj) and disappears (fig. ‘^85, A, B, and (J). 44ie nuclei become multiplied 
and the protoplasm about t hem largely incr(‘ased in amount. To these changes 
in the nerve-fibre, and especially in the nndiillary sheath, the name of WaUerian 
(Ivgcncralion has been appliial. 

In regeneration tlie m‘w fibre's grow afri'sh from tlu' axial fibres of the central 
end of the divided nerve-trunk (often more than one from each) ; and, penetrating 
into the peripheral end of tin' trunk, grow along this as tin' axis-cylinders of the 
new nerves, l)ecoming aft(*r a time surrounded with medullary sul)staiic(‘ and a 
nucleated sheath of Hchwann (fig. A8‘>, I)). 

In warm-blooded animals the first degeneration-changes in the peripln'ral part 
of the mu've arc*, seen twenty-four hours after section ; in cold-blooded animals 
they tak(^ much longer to develop.^ The nuclei underiu*ath tlie in'urolemma are 
everywhere found hypertrophied, the neurolemma is distinctly visible, and proto- 
plasm is found to have accumulated at the expense of the medullary sheath, both 
in the immediate neighbourhood of the nuclei, at the nodes, and also at other 
points in the fibre. ’ Fifty hours after the section in the rabbit (but not till four 
days in the dog) the protoplasmic aggregations are found here and there altogether 
to interrupt the continuity of the medullary sheath, and they contain numerous 

* Oil tlie histogenesis of nerve-fibres and the formation of myelin, see Bardeen, Amer. Joiirn. Anat. 
ii. 1003. 

^ Gerini, Anat. Anz. 1008. ^ A. Waller, Phil. Trans. 1850. 

‘ See footnote, p. 252. 

Monckeberg and Bethe (Arch. f. mikr. Anat. liv. 1800) describe I'arly changes in the fibrils of the 
axis-cylinder, both central and peripheral to the point of section. But the nerve-fibres retain their 
excitability (to artificial stimuli) and conduction for from two to five days after section (the period of 
retention of excitability varying with different kinds of nerve-fibre). 
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fatty granules, and sometimes droplets of myelin (fig. 383, A). About the fourth 
day the nuclei are seen to be multiplied,^ but not to any great extent (C) ; and 
the whole of the myelin after four or five days is broken up into drops, some larger, 
some smaller. The axis-cylinder is also found to be interrupted at numerous 
places, and remains only in the shape of short fibres, often curled round at their 
broken ends, enclosed in the large drops of myelin (B). Eventually these portions 



Pia. 88 S.“-Degeneration and rkoeneration of nerve-pibkes in the rabbit. (Ranvier.) 

A, part of a nerve-fibre in whicfi degeneration is commencing in consequence of section 
(fifty liours previously) of the trunk of tlio nerve higher up; 7 /<//, medullary sheath becoming 
hrokem up into drops of myelin ; />, granular protoplasmic suhstaiice which is replacing the 
myelin; n, nucleus, not yet multiplied; //, primitive sheath, H, another nerve-fibre in which 
degeneration is proceeding, the nerve having been cut four days previously. This specimen is 
differently prepared from the others, so as to exhibit the axis-cylinder (c//) also partly broken 
up into portions of different lengths, enclostid in the myelin, viij. C, more advanced stage of 
degeneration, the medullary sheath having m groat measure disappeared, while several nuclei 
(n", n") have been formed by division of the single nucleus of the internode. 1), commencing 
regeneration of a nerve-fibre. Several small nerve-fibres (f', /"), have sprouted out from the 
enlarged cut end (?)) of the nerve-fibre (/) ; tf, an axis-cylinder, which has not yet acquired a 
medullary sheath ; .s, s', primitive sheath. 


also may disappear. The myeliu at length becomes almost entirely removed, 
probably through the agency of phagocytic leucocytes, until nothing remains of 
it except a few isolated drops, which escape absorption, and all that then remains 
of the original fibre is the neurolemina, which is occupied by a protoplasmic 
mass containing an increased number of nuclei. During the disappearance of the 
myelin from the nerve-fibres the cells of the tissue in the neighbourhood of the 
fibres become charged with fatty granules, which have probably become formed 

* The multiplication is effected by karyokim sis, (I. C. Huber, Arch. f. inikr. Aiiat. xl. 
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from the disintegrated substance of the medullary sheath. The fatty globules 
which result from the degenerating medullary sheath stain much more intensely 
with osmic acid, after fixation with bichromate of potasli, than the unaltered 
myelin. On this fact depends Marchi's method for tracing degenerated fibres.^ 

These degenerative changes seem to occur almost simultaneously along the 
whole length of the nerve. 

In the nerves to voluntary 
muscles the end-plate is 
said to be the part first 
affected. The motor end- 
ings undergo degeneration 
earlier than the sensory 
endings in muscle, and 
their regeneration also 
takes place sooner.^ 

In the immediate neigh- 
bourhood of the section tlie 
appearances are somewhat 
modiiied by the CvScape of 
myelin from the cut ends of 
the nerve-fibre, and the intil 
tration of blood and lympli 
into the interior of the ends 
thus emptied of their contents. 

This change must, of course, 
occur in the central stump of 
the nerve as well as in the 
peripheral cut end : it does 
not often extend beyond the 
first node. Apart from such 
traumatic modification, true 
degenerative changes do not 
occur in the end of the nerve 
which is still in connexion 
with the centre, although pro- 
liferation of the nucleus iu 
the first and second iriternodes 
near the cut may take place. 

The central cut end of the 
axis-cylinder does not become 
ostensibly altered ; it undergoes 
a slight swelling, preparatory in 
all probability to the renewed 
growth by which the regenera- 
tion of the fibre is effected. 


Fio. 384. — Commencing outgrowths from axis-cylinders 

IN STUMP OF CUT NERVE. (Cajal.) 

A, an axon bifurcating : its branches, which sliow clearly a 
fibrillar structure, pass on either side of a groui) of sheath - 
nuclei, C ; B, another axis-cylinder with its end frayed into 
fibrils : this has not yet begun to grow out ; D, an axis-cylinder, 
one branch of which has hegini to grow upwards into the stump, 
instead of downwards towards the periphery ; E, a growing axis- 
cylinder ending in a bulbous enlargement; F, an empty nerve- 
sheath ; G, a fine axon growing into wound (with bulbous end); 
myelin fragments escaped from injured fibres; <?, blood- 

clot. 


Regeneration proceeds 
but slowly. Up to the 

twenty-eighth day after the section, or even later than this, there is still no 
trace of the new nerve-fibres in the peripheral part of the nerve. With the 
exception of a few fibres which, for some reason not well understood (probably 
because they arc derived from an adjacent nerve which has not been cut), 
have not undergone degeneration, nothing is to be seen in a section of the 
nerve at this period, except the sheaths of the old fibres, filled with clear 


’ Riv. sper. di fren. 1885. On the chemical decomposition products of the medullary sheath of 
degenerating nerve-fibres, see Halliburton, Croonian Lectures, Brit. Med. Journ. 1901. 

^ G. C. Huber, Amer. Journ. Physiol, iii. 1900. 
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-rtiudar protoplamn-like substance, if, however, u trer.\ri-., -.iiMf; 
i,,t |h<‘ ijeriplicral end conslderabiy later than this (sixtv .'m 
davs iff. a' thi> (n'iyinal Hectioo), it is found that within thc' (nhe^ {Mrrn-d l.v 
'ie- i:.hi ne)iroh*rt!ffUil sheaths, according to Vaniair ^ and (,ajal als^- h- i n . . n 
th-M!., sniail single tibrf‘S or groups of fibres, citlier f>aie nr pmvidr.l s 

thin medullary sln-atln am be .-rrst 
besides hereand tlan-*' i la* aJUn-ed dr-n^ 
of myelin whiidi havr* reinaint-d nn- 
a,hsorb(ai from th(‘ nn-dullarv shfat hs 


t u.. {‘'nau-.s khom eeNTHAL knd ok 

HiJAiaa (.K luKNii HUIJUT, CUT TEN DAVS 
la-Koiu: M- ATf!. ((eijivl.) 

A, fibn-‘ iinwH^'row th of nxif^-cylindor 

nliuh suvt'Mit.j by A rinc.l<,*ak.’<i sheath; 
'I, iobu-t |),irt t>! !ii,a*o; e, Uoutigrowiiig iibres, 
O, ii hbo- {.Ih’ of whii’li ijjis j'u)t gfowa 

• I! uilh ih(> i't'iA.biit js iHutergoing 

o < liinii'i'-,, iiH at f/, and |iuttutg out abortive 

• ud-liko jiro<-('S',oH. 


Fiti. BhCj. - h'’uoM 
NHliVE eCT 
DEATH. 


rilE I'KHH’UFKM, KNO Ol \ 
SKVENTY-KDiH r j) CtS JiKFOIUt 


f<, a, r, eiiliirgnd ends <d' <]n\\ i.i/row!)!-..: axf.uv 
enclosed in Iho otl nnymt-iiuna.^b.-atl)-.,, uithiu' 
which inynlin drops aro if, 

lihres growing down intersh'iialjy foot m tdic (dd 
sheaths) —ihoy show' H now hirniali-.n of uorlo 
aiod sheath; to their rikdn i- .us tdox-dis ; 

e, tiiu*. fibres within au old doMtii ; {ht -^oavif.- 
ends of thcHe are out of tiu' jiold <.f x.i-wf 


ii.uiiiai lil)n'.s. Oil rutting out tlio contral end of the ii.'i-ve, louct Airh 

•!!.' : .mil fsqKirutiiig io fibres, it is seen tluit tlu* groups of it, 

■' O'.IH.S verse section ure eontinuoua witli the. central ends id li,.. 

. '-iHid. e- <,f tlie original iiervo (tig. ;K5, D). Either n bunch of siuaii iil.o . n,,.v 
fi’oin the axis-cylinder of one fibre, or one or two oulv em. r-, 
ihi.s (ne-. .'Ni, .o:)) ; but, these may bifurcate, and, repeating this [Ho.-.-.-s ..v iii. ai .i 

* Arch, de FhyBioh 1886. 
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again, eventually form a considerable group. It would appear therefore that the 
regeneration of a cut nerve is effected by a growth of new fibres from the axis- 
cylinders of the central cut end, and that frequently many more such fibres are 
formed in the first instance than the old ones which have undergone degeneration. 
The growth from tlie old axis-cylinders usually occurs in the situation of a node — 
either the one nearest to the section or one somewhat higher up (Ranvier). The 
growing axons either find their way into the old neurolemma 1 sheaths or into 
the interstices between them (figs. 386, 387) ; in this case fresh nucleated sheaths 
become formed around them. The 
new fibres are at first pale, but 
subsequently acquire a medullary 
sheath, still later a neurolemma, 
with constrictions of Ranvier. 

These, as in young nerves, are 
placed at much more frequent inter- 
vals than in the old fibres, so that 
the segments are much shorter. 

The fibres which grow thus in groups 
from the old axis-cylinders are often very 
irregular in their course, twisting around 
one another, and even looping back in 
some places for a considerable distanco 
(fig. 387). In the cicatrix especially is 
this irregularity and obliquity of dis- 
position noticeable, probably on account 
of the absence boro of the guide forjiied 
by the sheaths of the original fibres. If 
the cut ends arc brought by sutures 
into close juxtaposition regeneration is 
etfected inorc quickly than if there is an 
obvious gap left between the eiuls. But 
the individual cut tibres never unite 
directly. In case a gaj) should be left 
between the cut ends, as, for example, 
when a piece of the nerve is actually 
excised, it is necessary to introduce into 
the interval some material which can act 
as a guide for th(5 outgrowing fibr(‘s of 
the central cut end. Huber ' found that 
the best guide-juatcrial was a piece of 
dead (and, of course, aseptic) nerve. 

Restoration of function in the nerve 
may not occur for several months,- during 
which time it may be presumed the new 
nerve-fibres are slowly finding their way 
along the course of those which have 
been destroyed as a result of the section. 

Of the numerous tibres in the groups 
above described, no doubt a few only eventually assume the function of the fibres which they 
replace, but the later steps of the process of regeneration have not yet been fully followed out. 

The ends of the growing axis-cylinders are characterised by a bulbous aspect, reminding 
one of the enlargement on the growing ends of the axon of the neiiroblast (figs. 384, 386). 
Moreover, the regenerating fibres may fork or give off lateral buds, and these again may form 
a fine interlacement around the main outgrowing fibre. Such complications, however, all 
ultimately disappear as the regeneration of the nerve becomes complete. 


Pio. .H87 . — Various forms of abortkd ax is-cv binder 
SPROUTS FROM A Rp:OENERATINO NERVE. (Cajal.) 

A, a large fibre with numerous lateral buds (c, r, d) 
from axis-cylinder ; B, a small fibre growing inter- 
stitially showing a lateral bulb-like sprout ; D, an irre- 
gularly constricted axis-cylinder with a terminal bulb 
and two fine lateral fibrils each ending in a bulb-like 
enlargement ; C, a fibre containing a large number of 
tine fibrils which have 8prout<?d from the axis-cylinder 
and are growing in all directions within the sheath. 


^ Journ. Morph, xvi. 1900, 

- See the experiments of H. Head, Brain, xxviii. xxix. 1905 ; and of Trotter and Morriston-DavieB 
Joum. Physiol, xxxviii. 1909 
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Except clo.so to the actual place of section, where they are somewhat hypertrophied, the 
contiective-tisHue sheaths of the nerve remain unaltered. In the cicatrix the new nerve-fibres 
do not at first run in definite sheaths, but these become subsequently developed from the con- 
nective f isHue around, so that at len^^tli the restoration of continuity of all the structures in the 
nerve becomes complete. Vanlair states that the outbudding of the axis-cylinders of the central 
<‘nd may otcur as mucfi as one or two centimetres from tlio j)oint of section, and may involve 
at first only the perijdicral fibres of a funiculus. 

Ranvier looks upon the regeneration of a nerve by growth from the intact central ends of 
the fibres as illustrating th(‘ tendency which, he believes, all nerve-fibres exhibit, to grow con- 
tinuously until a hindrance is mt;t with, and he compares the result of cutting a nerve-fibre in 
causing the growth of a number of new fibres in place of the original one, to that j^roduced when 
the Iea<ling shoot of a plant is removed, in causing the production of a number of lateral buds. 

SouKi have thought that under favourable circumstances an immediate union between 
tbe ends of tin; nerve- fibres may happen after section ; but considering the imxmssibility of 
procuring exact a|)position of the individual fibres, end to end, as well as the inevitable ex- 
fi iisioii of tlu; effects of the mechanical injury caused by the section along the soft contents 
of the primitive shciath, it seems improbable that such direct union should ever occur. 

Regeneration need not necessarily occur along the track of the original nerve, but can be 
mad(‘ to takf) a different path. Thus if the vagus and sympathetic nerves in the neck (cal, 
rabbit) be both divided, and the central cut end of the vagus he sutured to the peripheral 
cut end of the sympatheti(‘, all the effects of sympathetic excitation can ho got after regenera- 
tion is complete by stiniulating the central etui of the vagus;' synapses between the vagus 
fibres and the ctdls of the sympathetic ganglion have become established. A similar result is 
ohtainahh* by joining up the motor branch of the fifth with the syjupathetic," or a spinal nerve 
with the vagus, although in this ease a long time is required for the downgrowing nerves to 
effect comu xions in the heart. On the other hand, two peripheral nerves can never be got to 
show any signs of regeneration if joined up together, nor is there any functional regeneration 
if afferent and (dferent nerves are cut and joined together. * 

Hegciieratioii docs not tak(5 place in the case of fibres crossing through the brain or spinal 
cord, so that a lesion of any part of these centres can never be made good. 

The degeiU'ration does not aif(‘ct, as w(^ have scam, the part of the nerve remaining in con- 
nexion with the nuch^ated cell-body, which maintains the nutrition of the mu’ve. The nucleated 
cell- bodies in the ganglia, as well as thos(5 in the gn-y matter of the brain and spinal cord, are 
centres of this influence. It is found that, in the central portion of a divided spinal nerve, while 
the fibres belonging to tlie anterior root owe their integrity to (heir conm xioii with the large 
Cells of the anterior cornu, and, in the (‘use of thc! fine inedullatcd (ibr(*s, with the cells of the 
lateral cornu, those of tlu^ pcjsterior root are similarly dc})cndcnt on the nucleated cell-bodies 
within the ganglion ; so that if the [>ostcrior root be cut beivvocii ilui ganglion and thc spinal 
cord, not only will thc fibri*s which pass from it into (he trunk of the nerve lu^yoiid thc ganglion 
remain unchanged, but also those above the ganglion, in the jmrtioii of the root left in con- 
nexion wit li it ; whereas the fibres of the same root which remain connected with the cord 
hut s(‘vcit‘(l from tlie ganglion degenerate. 


Various authors have believed that they have ])een able to show that 
regemu-atioii of severed iierve-tlbres may occur independently of tlie central 
end of th(‘ nerve in thc degenerated portion peripheral to the injury (peripheral 
autogenesis). So far as the histological evidence is concerned, this opinion is 
based mainly upon the fact that a fibrillation may be exhibited within the 
sheaths of the degenerated fibres : tliis fibrillation has been regarded as due 
to the formation within these sheaths of neuro-fibrils, which arc assumed to belong 
to axis-cylinders newly developing at the periphery. But the reasons for regarding 
these peripheral fibrils as neiiro-iibrils is by no means convincing, and the evidence 
that the peripheral fibres are rt‘g(Mierated as outgrowths from the central stumj) 
of the divided nerve is so strong and fits so completely into the whole neuronal 
scheme of structure ;uul development of the nervous system (and especially that 

* I-imgk'v, Journ. Physiol, xxxiii. IHUH. See also his article on tlu^ ‘Sympathetic’ in Schafer’s 
Text- book. 

Langley and Anderson, Journ. Pliysiol. xxxi. 1904, Braun, Harrison, and others. 

^ J. Erlanger, Ainer. Joiirn. Physiol, xiii. 1905. 

* Langley and Anderson, Journ. Physiol, xxx. 1904 ; W. A. Osborne, Proc. Physiol. Soc. in Journ. 
Physiol. l‘K)S ; Osborne and Kilvington, Journ. Physiol, xxxviii. 1909. 
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part of it which attributes the nutrition and therefore the growth of all the pro- 
cesses of the neurone to the nucleated cell-body) that it is impossible without far 
stronger reasons than liave hitherto been brought forward to accept the presence 
of such fibrils as suflicieut evidence of the doctrine of peripheral nerve-regeneration. 

There is not space to deal with the very eoiisidtaable volunu* of pathological and clinical 
evidence regarding this point, but it may ho allirmed that the great bulk of such evidence is 
in favour of regeruTatiou by cellulifugal outgrowth. 8ueh instances as have been occasionally 
observed of immediate or very rapid recovery of function in the parts supplied by a cut nerve 
may without doubt be explained either by the ovt‘rla}) which often occurs in the peripheral 
distribution of neighbouring nerves, or by the fact tliat in sucli cases the cut nerve has received 
at some point peripheral to the point of severance a branch from an adjoining intact nerve, 
which has sufficed in some measuni to rej)lace the function of the cut libros, or, in yet other 
cases, by an impression winch has been applied to the skin iiaving been conducted to the 
sui)jaccnt iiiuscles or tmidons in which the sensory luuvc^-libres have lumiained intact, 
although the sensory hhres to the integuments have been severed. 

Axon-reactlon In body of nerve-cell. -As we liave already seen (]). 212). there is 
always a change ])rodu( ed in tlie cell of origin when its axon is cut {axon reaction, Nissl 
degentralion), (‘ven allliough tlie stiunj) of tlie nerve-libn*, wliieli is still connected with the 
cell-body, sliows no ciianges, 

H. K. Anderson ' ex])erimen(ing ii])on young animals, linds that section of the sciatic nerve 
cliecks the development of the colls of (he corresponding s])inal ganglia, but that section of 
their ecntral processes does not do so (although these processes themselves atrophy celluli- 
petally as well as e('llulifugally). Section of the ])ost<‘ri()r roots causes no check in the 
development of the coiTes])onding anterior roots. 

With regard to the syin])athetic he linds that section of the post-ganglionic branches of the 
superior cervical ganglion checks the development of the cells of that ganglion, and not only 
this, but also that of the til)ros of the sympathetic which arc passing up to tlu^ ganglion. (.)n 
the other hand, section of tlie fibres of tin; cervical sympathetic, although producing Wallcrian 
degeneration right into the ganglion and checking the development of the central j)art of 
the fibres and of their cells of origin in the lateral part of tlui grey matter of the cord, has no 
inlluencc upon the ct'lls of the superior cervical ganglion. 

Thus the effect of the severance of an axon is not necessaiily confined, at least in young 
animals, to tin; neurone to wdiich it belongs, but it may inthienci; the metabolism of other neurones 
belonging to the same neuroiie-chain. This fact was first taken advantage of by v. (ludden to 
investigate tracts in tin* central nervous system, v. (hidden found that r(*moval of iiarts or 
organs belonging to or conncided directly with the (tcmtral nervous system in young animals was 
followed by far more extended atrophy along the nerve-tracts involved in conduction of 
impulses from the part investigated than if the extirpation had been performed in the adult 
animal. The method of investigation is known as v. (hidden- inet/tod. 

The latest and most complete histological account of nerve regeneration is that of Cajal 
(Trabajos, &c., 1905 and 1907), w'hose researches arc entirely in favour of the outgrowth theory. 
Amongst others who uphold this view may he juentioned Langley,* Head,^ Ladlum, * Marinesco,'* 
Mott,'^ Halliburton,' Bikeles and bh'aneke,^ Lugaro,” Perroncito."' Tin; chief advocate of 
peripheral autogenesis of late years has been Betlu*,” wliose views seem, however, to have under- 
gone some modification.*- Although the regeneration of the cut nerve- fibres seems to occur 
primarily by outgrowths from the central stujiip, there is some evidence of changes in the 
peripheral degenerated part of the nerve, preparatory to the apj)earance of the outgrowing 
axons. These changes seem to have been sometimes looked upon as evidence of peripheral 
autogenesis of the fibres. See also the ‘ Neurology ’ of this work (Vol. HI. Part I.). 

The degeneration of the peripheral end of a cut nerve and the breaking up of the substance 
of the medullary sheath were first noticed by Nasse in 1839. But the discovery by Augustus 
Waller of the dependence of the process upon isolation of tlie nerve-fibre from its nutritive 

^ Journ. Physiol, xxviii. p. 499, 1902. 

- Ibid. xxx. 1904 (with H. K. Anderson). •" Op. cit. 

* Referred to in Review of Neurol. 190.5. ^ Rev. neurol. 1900 ('vith Nimea). 

” Proc. Roy. Soc. B. Ixxviii. 1900 (with Hallilmrton and Edmunds). 

" Brit. Med. Journ. 1907. ” Neurol. Centralbl. xxii. 190.'». ' Ibid, xxiii. 1900. 

Ziegler’s Beitr. xlii. 1907. Allgemeine Anat. u. Physiol, d. Nervensy stems, 1903. 

Pfliiger’s Arch. cxvi. 1907. Cf. Halliburton, op. cit. 
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centre, and his application of this discovery to the tracing the course of nerve-fibres in 
peripheral parts (now known as the Wallerian method) first gave full interest and 
importan(;e to the obs(!rvation of Nasse. Stated briefiy, the law may be formulated as 
follows : ‘ Degeneration occurs along the whole extent of any nerve-fibre which is cut ofi frem 
the cell-body which governs its nutrition’ ; and this, as the observations of His have shown, 
is in every (!aHo the body of the cell from which the nerve-fibre has originally grown.' 

' TJio nervf3H to blood-vossels offer an apparent exception to this rule. They were found by Langley 
in the frog (Journ. Physiol, xxxviii. 19011) not to degenerate after section, their nutrition being probably 
nniiritained, as suggested by liethe, by peripheral cells (see p. 227). Langley found that the nerves 
to the skeletal muscles of the frog took forty days to undergo <legcneration. The post-ganglionic fibres 
of the sympathetic showed degeneration soonest 





S A».Sh a ?^",t ir ",^ SelSj "'““ 

Magnified 50 diameters. (Schafer.) 
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TERMIlSrATIONS OF NERVES. 

It may be stated, generally, and apart from what may apply to special modes of 
termination, that, in approaching their final distribution, the fibres, medullated and 
non-medullated, usually divide into branches, the division in the case of medullated 



Fl(’.. 8S8. SMAIJ. BKAN'Cir OF A MFSCULAU NKRVK OF TIIH FROO, NKAU ITS TICRMINATION, SHOWING 
OiVisTONS OF THF FIBRES. ( KiUlikci*.) Magniii(?(l cliamctei's. 

into two; into three. 


libi’cs always occurring in the situation of a node of Ranvier (fig. 388). The axis 
cylinder participates in the division ; and since the white fibres frequently lose 
their sheaths shortly before they terminate, they are then represented only by the 
axis-cylinder and its ramifications. 

TERMINATIONS OP EFFERENT NERVES. 

In many involuntary muscles such as those which constitute the muscular 
layers of the hollow viscera, the motor nerves, which are for the most part non- 
medullated with a small intermixture of white fibres, form complicated plexuses 
as they near their termination. At the junctions of the fine nervous cords which 
compose the plexuses groups of ganglion-cells, forming small ganglia, are in many 
parts met with ; a well-known example of such a gangliated plexus being the plexus 
myentericiis of Auerbach between the longitudinal and circular layers of the muscular 
coat of the intestine (see accompanying Plate). From these ganglia, it may be 
also indirectly from the nervous cords ordirectly from the incoming nerves, branches 
are sent off, which penetrate between the elements of the involuntary muscular 
tissue, coursing for the most part parallel Avith the muscular fibres. In some 
organs which are largely composed of involuntary muscle no such gangliated 
plexuses occur ; the nerve-fibres pass directly to the muscular tissue. The nerve- 
fibres which are passing towards their terminations bifurcate and give off branches 
at acute angles at frequent intervals, and eventually become separated into fine 
filaments which may represent ultimate fibrill^e. The branches which are given 
off from these rarely, if ever, become united Avith those from adjoining nerve- 
fibres. The fine longitudinally coursing fibrils come into close relation Avith the 
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involuntary muscle-cells (fig. 389) and terminate by tapered or bulbous extremities 
which are applied to the surfaces of the plain muscle-cells (fig. 390). ‘ The plain 

muscular tissue of the mucous membrane 
(muscularis mucosie) is similarly supplied 
from a second gangliated plexus, known as 
the plexus of Meissner (see Plate, fig. B). 

In cardiac muscular tissue the 
nerves, which are non-mcdullated in their 
branches of distribution, form plexuses with 
very long meshes. The fine nerve-fibres be- 
come closely applied to the muscular fibres, 
many appearing to end in small bulbous 
extremities, but they do not, it is believed, 
penetrate into the muscular fibres. Accord- 
ing to Huber and de Witt,^ and Smirnow ^ 
the (non-medullated) nerve -fibres end in 
fine fibrils which form free ramifications 
which are spread over a greater or less extent 
of each nucleated segment of tbe tissue 
(fig. 391). Motor end-plates, such as occur 
in voluntary cross-striated muscle, have not 
been found in the heart. 

It ia not known if there is any distinction be- 
tween the mode of termination of the inhibitory 
and accelerator fibres of the heart. The vagal 
fibres pass to the ganglia of the auricles and some 
may extend to those at the base of the ventricles. 
There is little doubt that these pre-ganglionic fibres 
all terminate by synapses around the ganglion- 
cells, and that by the axons of these cells the 
nerve- path is continued to the muscle- fibres. On 
the other hand, there is some reason to believe 
Fio. a89.-NERVE-tiBRK8 ENDING IN i-EAiN ^hat the acccleiutof fibres of the gynipathetio 

MUscLK, FROM ixTESTiNE OF GUINEA-PIG. (which are post-gaiiglionic) go directly to the 

(Cajal.) muscle-fibres and not by the intermediation of 

A, B, larger branches ; a, h, terminal twigs. peripheral ganglion-cclls. 



a f t 









Fig. 390.— Ending of nebve-fibres in plain muscle. (Huber and de Witt.) 

A and B, two plain muscle-cells with nerve- fibres, a, passing to them and ending at b, on the 
outside of the cell ; n, cell-nucleus. 


The motor nerves of voluntary muscles terminate in special expan- 
sions, to which the term motor end-plates has been applied. The term 7notor end- 

^ Huber and de Witt, Journ. Morph, vii. 1898. F. B. Hoffmann (Arch. f. mikr. Anat. Ix.^, 1907) 
describes them as ending in networks and loop.s, and not by free extremities. 

^ Op, cit. ^ Anat. Anz. xviii. 1901. 
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organ is however a more suitable one, for, as will immediately be explained, the 
termination of the nerve is rather of the nature of a flattened ramification than 


a continuous plate. 



As was mentioned in the a 
muscles form plexuses, of 
which the branches grow 
finer and the meshes closer 
as they advance farther into 
the tissue. The individual 
fibres, while still associated 
in small bundles, undergo 
division, and at length single 
dark-bordered fibres pass 
off to the muscular fibres 


Fig. 391.-— Finding of nehve-kihues 
IN caudiac muscle. (Smirnow.) 


Pig. 392. -Nerve-fjbkek ending in abdominal muscles op 
HAT. Gold preparation. (S/ymonowicz.) Magnified 
170 diameters. 


(fig. 392). These nerve-fibres on approaching or reaching a muscular fibre 
often divide still further. The branches retain their medullary sheath until they 
reach the sarcolemma, when the white substance abruptly terminates, while the 



Fig, 393.— Nehve-ending in muscular fibre of a lizard (L.vckkta viridis). (Klihne.) 

Highly magnified. 

a, end-organ aeon in profile ; from the surface, .s-, .y, sarcolemma; p, expansion of axis- 
cylinder. Beneath this is granular protoplasm containing a number of large clear nuclei and 
constituting the ‘bed’ or ‘sole’ of the end-organ. In b the expansion of the axis-cylinder 
appears as a clear network, branching from the divisions of the medullatcd fibre. 


neurolemma becomes continuous with the sarcolemma (fig. 393, s). It would seem 
that the prolongation of the nucleated sheath of Henle is also continued over 
the end-organ, which thus receives a double covering to which the name telolemma 
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has been "iven by KiihneJ The axis-cylinder as it passes into the fibre forms a 
clear localised branched expansion (fig. 393, p), which lies immediately under the 

sarcolemma, imbedded in a layer of protoplasmic matter, the ‘ bed ’ or ‘ sole " of 



Fig. 394.— a coMPAnATivELY simpee termina- 
tion OF A NERVE IN A MUSCULAR FIBRE OF 
TfiK MZAUi) (Ijacerta vhudis.) (Ruiivicr.) 
Highly magnihcd. 


sheath of the iierve-fibro ; bifurcation 
of the fibre; e, node; m, short segment beyond 
the node; r, terminal ramifications of the axis- 
cylinder ; n, nuclei on the branclies of the axis- 
cylinder; n\ nuclei in the granular substance 
of the end-plate. The granular sulistance lies 
in the intervals between the branches of tlie 
axis-cylinder ; it is not seen in this figure. 





Fkj. 89fi.— Cross-section of mus- 
cular FIBRE AND END-ORGAN OF 
LIZARD. Gold preparation. 
(Kiihne.) 

r, terminal ramification of axis- 
cylinder ; nty matrix ; b, nucleus of 
bed ; f, nucleus of telolemraa. 



Fig. .'395. — Motor end-organ of a lizard. 

Gold j)reparation. (Kiihue.) 

n, nerve-fibre ; r, terminal ramification of axis- 
cylinder; 'Illy clear substance surrounding the 
ramificabon (matrix); h, granular bed or solo of 
the end-organ. 



Fig. 397.— Motor end-organ of human 
MUSCLE. Gold preparation. (Kiihne.) 

«, medullated nerve-fibre ; r, terminal 
ramification of axis-cylinder. 


the end-organ, which contains a number of large clear nuclei, each having one or 
more distinct nucleoli. The termination of the axis-cylinder is, as just explained, 
not a continuous plate, as was thought by Eouget, but appears when viewed from 
the surface in the form of an arborescent figure (figs. 394 to 397), the branches of 

* Zeitschr. f. Biol, xxiii. 188d. 
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which do not anastomose (Ranvier). According to Kiihne the branching figure 
which is formed by the axis-cylinder is composed of an axial part, staining darkly 


with gold, and a sheath, which remains unstained. 
Kiihne regarded the axial part as representing the fibrils 
of the axis-cylinder, but it may be doubted whether 
the apparent difierentiation into axial part and sheath 
is not due to the shrinking of the axis-cylinder under 
the influence of the reagent. The appearance of the 
two parts in gold preparations is well exhibited in 
fig. 395. Applied to the branches of the ramification 
small granular nuclei (fig. 394, n), are seen at intervals ; 
these nuclei of the arborisation are different from the 
clear nuclei of the bed (w), and also from the flattened 
nuclei of the sheath which lie immediately under the 
sarcolemma covering the end-plate, and which resemble 
the nuclei of the sheath of Schwann of the nerve. The 
sarcolemma over the situation of the nerve-ending is 
often slightly raised above the general surface 
(fig. 393, a). 

It would appear that in mammals each muscular 
fibre has but one end-organ, and receives consequently 
but one nerve-fibre. As, moreover, the fibres of a 
nerve undergo division, probably repeated division, 
before ending, it follows that one fibre in a nerve- 
root or -trunk supplies many muscular fibres. In 
reptiles and amphibia the longer muscular fibres may 
have two or more nerve-endings (fig. 398). 

Fig. 898.— Muse uLAii fibre of frog supplied by two nerve- 
fibres. (Cajal.) 

A, nerve-fibre inclosed by neuroleinma and slioath of Henle, the 
latter of which expands to form an investment (a) to the muscle-fibre 
outside the sarcolemma. b, ending of nerve-fibrils. B, a second nerve- 
iibre with a somewhat less extensive distribution of its arborescent 
axis-cylinder. 

The shape and extent of the terminal ramification 
of the axis-cylinder within the end-organ vary greatly, 
not only in different classes of animals, but also in 
animals belonging to the same class, and there is even 
some variation in individuals of the same species, as 
is evident from the various representations of the 
end-organs of the green lizard, which are here given 
(figs. 393, 394, 395). On the whole, it may be 
stated that the terminal ramification is most compact 
in mammals and reptiles and least so in amphibia 
(fig. 398), where there is no continuous protoplasmic 
bed with clear nuclei imbedded in it, and the ramifi- 
cations of the axis-cylinder are extended over a much 
larger proportionate area of the fibre than in reptiles, 
birds, and mammals, so that the termination of the 
nerve is far less localised. The branches of the axis- 



cylinder in the frog run for a short distance parallel with 

the axis of the fibre between the sarcolemma and muscular substance, terminating 
abruptly by rounded extremities. They have here and there slight enlargements. 
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connected with which are seen, as in the end-plate of the lizard, elongated nuclei 
different in appearance from the proper nuclei of the muscle. In other 

animals, e,g, in snakes, there is a tendency 



for the branches of the ramification to become 
dilated at their termination into bulbous 
enlargements, which in a well-stained pre- 
paration gives an appearance like that of a 
bunch of berries. Many other variations are 
met with, but in no case is there a departure 
from the general rule that the ultimate 
termination is in the form of a ramification 
of the axis-cylinder on the surface of the 
fibre, but within the sarcolemma. The neuro- 
fibrils penetrate into all the branches of the 
axis-cylinder, and form networks within its 
expansions (figs. 399, 400). According to 
Boecke,‘ they are continuous with a reticulum 
in the sarcoplasm. Boecke also describes an 
accessory fibre as sometimes passing inde- 
pendently to the same ‘ bed.' These accessory 
fibres, which had previously been noticed by 
Berroncito and by Huber and de Witt, are 
non-rnedullated (fig. 4(X)). 

The tormiuatioii of iiiotor nerves in special granular 


Ei(i. ;r.M) -Ending ok a viotok nkhvk* 

FII5UK IN MUSCLE OK HAUIUT. ((3ajal.) 

f/, axis-cylindci’ of cnteriiig nerve; 
r, terminal ramifications with net- 
work of neuro-fibrils. 


expansions within the sarcolemma was first noticed by 
Doyere in insect-muscles. The arborescent termination 
of tiio axis-cylinder was discovered in the frog liy 
Kiihnc in 18()2. In the same year the end-plates were 
recognised by Ronget in the lizard, and in 1 8611 by 
W. Krause in mammals. The last-named observer was 


the first to describe the termination of tlie axis-cylinder as a ramified ex})ansi()n imbedded in 


granular substance, but maintained that the whole structure lay outside the sarcolemma. In 
this opinion Krauso was supported by Kollikor, but Kiihnc and the majority of observers hav e 


regarded the whole oiid-oigan as hypolemmal in position. 



Bevelopment.^ — The development of motor end-organs has been investigated by Boecke ‘ 
and Mays ^ : their degeneration and regeneration after section of the motor-nerve by Cajal and 


^ Anat. Anz. xxxv. ItUO. 


- Zeitsehr. f. Biol. xxix. 
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TclloA The motor nerve-fibres reach the developing muscular fibre before the appearance of 
the sarcolemma and make contact with the muscle-substance, the nuclei of which are accumulated, 
together with a considerable amount of protoplasm, at the site of formation of the end-organ. 

Tello found degeneration to begin twelve to fourteen hours after section ; the degenerated 
remains are relatively soon absorbed, as compared with the rest of the nerve- fibre. In a 
young rabbit the regenerating fibres were found to reach the muscle two and a-half months 
after the operation, and on reaching the ‘ bed ^ to become ramified. The protoplasm and nuclei 
of the end-plate do not undergo degeneration : they are probably instrumental in absorption of 
the degenerated nerve-ending. 

Nerve-endlngfs In secreting: grlands. — The nerves to secreting glands 
and to secreting epithelium in general belong to the autonomic system, and leave the 
central nervous system as fine mcdullated fibres which end in the ganglia of the 



Fig. 401. - - ENDr\(; or nhkve-fihuti.s Fig. 402.— NKHVK-FnnuiiS ending over capillary blood- 

AMONWiST THE CELLS OF 'I’HE SUB- VESSEI.S AND AMONGST THE EPITHELIUM-CELLS OF A, 

MAXir.LARY <1LAND OF A DO(L Golgi CONVOLUTED TUBE OF THE FIUKj’s KIDNEY. {SiniruOW.^ 

method. (G. Rot/ius.) 


The nerve- (ibrils are very fim* and 
varicose. Tlie lumen of tlie alveolus is 
also stained l)lack and its extension 
into the crescents of Gianu/zi is shown. 


sympathetic chain or in peripheral ganglia. 
From the cells of these ganglia non- medulla ted 
fibres continue the chain and pass to their 
distribution amongst the cells of the glandular 


epithelium. Here they divide into fine varicose branches each representing not 


more than a single nerve-fibril, and these fibrils penetrate between and partly 


enwrap the secreting cells, to which they are closely applied, but apparently 


without entering them (figs. 401, 402).- 


TERMINATIONS OP AFFERENT NERVES." 

The sensory or afierent nerves end either in cells or in free nerve-endings, which 
may be simple or plexiform, and may be enclosed by cells or connective tissue, 
or have an independent distribution. Of the sensory nerves which terminate in 
cells, the best recognised are those which are found in the organs of special sense. 
But some of these nerves may be regarded as taking origin in the sense-organ rather 
than ending in it, for if their development is studied it would appear, in the case 
of the olfactory and visual organs, that the nerve-fibres grow from the sense-organ 
towards the central nervous system and not centrifugally, as is the case with most 
other nerve-fibres. In the other sense-organs the nerve-terminations are not 
within, but between the sense epithelium-cells. 

’ Travaux du laboratoire de Cajal, v. 1007. 

For the nerve-endings in different secreting glands, see E. Miiller, Arch. f. mikr. Anat. xl. 1800 
(gastric glands and pancreas); G. Retzius, Biol. Unters. iii. 1802 (salivary); P. Korolkow, Anat. 
Anz. vii. 1892 (salivary); A. S. Dogiel, Arch. f. mikr. Anat. xlii. 1893 (lacrymal) ; H. J. Berkeley, 
Johns Hopkins Hospital Rep. v. 1894 (salivary). 

5 For an account of the literature of sensory nerve-endings, which is very extensive, the reader is 
referred to the articles by Kallius which have appeared from time to tinie in the Ergebnisse der 
Anatomie of Merkel and Schwalbe. The most recent account of the literature of the special tactile 
organs such as Meissner’s corpuscles, Pacinian and Herbst corpuscles, and Grandry’s corpuscles, will 
be found in a paper by E. Van de Velde, Int. Monatsclir. f. Anat. u. Physiol, xxvi. 1909. 
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Of the ordinary sensory nerves, including those which are devoted to the 
perception of tactile sensations, some end as ramifications of the axis-cylinder, 
which resolves itself eventually into its ultimate fibrils, and thus penetrates between 
the (epithelium-cells which cover the sensory surface, whilst others terminate 
in special organs composed of the connective-tissue sheath of the nerve- tibr(\ 
Of these end-organs, the best known are the simple and com/pound end-hulbs 
iind tactile corpuscles, the corpuscles of Grandry, which occur in birds, the cor- 
puscles of Ilerbst, also occurring in birds, and the corpuscles of Pacini ; besides 
various similar structures, which are found chiefly in mammals and have received 
names according to their situation or from the observer who has first described 
them. 

Tactile corpuscles or touch-bodies (corpuscula tactfis) (figs. 403 to 407). 

These were discovered hy R. Wagner and Meissner in the papillae of the skin of 



Fuj. 40 S. — YkKTICAL SKCTION THBOUtIH THK .SKIN OF THK I'ACMAR SIDK OK THK KINOKB, 
SJIOWINO TWO PAl’lLL.B (ONE OF WHICH CONTAINS A TACTILE COKPUSCLE) ANI) THE DEEPElt 
LAYER Ob' THE EPIDERMIS. (Holliifcr.) Magnified about 200 diameters. 

the hand and foot, where they are of an oval shape, nearly 0*083 mm. inch) 
long and 0*03 mm. inch) thick. They may be found in the skin of all 
parts of the hand and foot (fig. 403) (including the bed of the nails), that 
of the volar surface of the forearm, in the skin of the nipple in both sexes, in the 
conjunctiva at the edge of the eyelids, in the skin of the lips and in the mucous 
membrane of the tip of the tongue (fig. 438). Similar corpuscles occur in monkeys, 
but they have not been found in animals lower in the scale. One, two, or more 
medullated nerve-fibres run to the corpuscle and either at once, or after winding 
round it two or more times, pass into its interior and become lost to view. 
The touch-body contains connective tissue, prolonged inwards from the capsule in 
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the form of imperfect membranous septa (figs. 405,406, A, and 407), between which 
are supported the convolutions and ramifications of the nerves, and the enlarge- 



n 


Fig. 404. — Tac tile coui'irscLE \\ itH' 

JN A TAPI I. LA OP THE SKIN OE THE 
HAM), STAINED WITH (TILOKIDE 
OF (lOLD. (Raiivier.) Higlily 
jiiagiiiticd. 

two nerve-fibres ])assing to 
the corpuscle; o, h, terminal varicose 
ramitications of the axis-cylinder 
within the corpuscle. 




Fic. 400. — Tactile cokpl:si;les 

FIIOM THE PALM OF THE HAND 
SEEN IN SECTION. (Merkel.) 

A, lon<^itudinal section show- 
ing the interior traversed by 
connective-tissue septa derived 
from tlie capsule ; the nerve-fibres 
are cut across. B, transverse 
section at the point of entrance 
of a nerv'e-fibre, showing the axis- 
cylinder branching. Otlier nerve- 
fibres arc cut obliquely. 


FlO. 405. — AnoTHEII CUKPnSCr.E, TUEATED with OSMIC acid, seen in longitudinal SECTION. 
(Flemming, from a preparation by Fischer.) 

1, entering nerve-fibre, medullated ; 2, 2, the same cut variously within the cor])UScle ; 
3, 3, clear spaces around the fibre (perhaps homologous with the cori^ of the cylindrical end- 
biilbsj ; 4, 4, nuclei of the transverse and spirally disposed cells of th(‘ corpuscle. 


merits in which the branches of the axis- 
cylind(3r eventually end (fig. 404). These 
terminal enlargements are usually near 
the capsule, and in small tactile corpuscles 
may occasionally project beyond it ; 
(fig. 407). On entering the corpuscle the 
nerve-fibres for the most part lose their 
medullary sheath, but some retain it 
for a short while, or it may reappear 
here and there in the course of the fibres. 
The axis-cylinders, which are often 
varicose, have, as before intimated, a 
convoluted course before ending in their 
terminal enlargements (fig. 404). The 
core within which the axis-cylinder 
courses is composed of protoplasmic cells, 
mostly flattened. The enlargements of 
the axis-cylinder, both in its course and 
at its endings, contain a network of 
neuro-fibrils * (fig. 407). 

^ Van de Velde, oj). cit. 



Fig. 407. — A tactile cokpcscle from the 

HUMAN FINGER, SHOWING CELLS OF CORPUS- 
CLE AND NERVE-ENDINGS WITH NEURO- 
FIBRILS. (Van de Velde.) 

rt, entering axis-cylinder ; connective-tissue 
capsule ; c, an extra-capsular nerve-ending. 
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Bevelopment. — Ranvier,' who studied the development of the tactile corpuscles, found that 
in the infant at birth they are represented by a bunch of bulbous nerve-endings immediately 
below the epidermis at the summit of a papilla and an island of specialised mesodermic 
cells lying just underneath the bunch of nerve-endings. Seven weeks after birth (fig. 408) 
these cells are found to have insinuated themselves between the mass of nerve-terminals, which 
are now much more numerous. The cells, as development proceeds, become flattened out and 
arranged so as to produce a lobulation of the corpuscle, with groups of the bulbous nerve- 
endings in each lobule. As growth proceeds, connective tissue is found between the lobules 
and also around the whole corpuscle in the form of a capsule, and the nuclei gradually imss to 
the periphery, so that in the adult they are rarely found in the middle of the corpuscle. 

ZSnd-bulbs. — If the conjunctiva of the calf or of certain other animals is 
spread out and examined under the microscope, many of the medullated nerves 
which course in different directions in the membrane may be seen to end in very 
small oval or elongated corpuscles (fig. 409), into the interior of which the axis- 
cylinder of the nerve-fibre passes, surrounded by a core, which sometimes appears 
homogeneous, but more often shows nuclei scattered throughout its length ; the axis- 
cylinder ends near the extremity of the core, with a round(?d or dilated termination, 
and commonly gives off numerous lateral branches in its course. The dilatations 



Fi<i. 408, — TAc'rjr>K coui'cscra: or 
(•jiiru) or SKVKN wkhks old, 
(lold ))r(*paration, (Ranvier.) 

//, iiiTerent nerve ; (i, cells of 
nodule; h, raniifieationH of axis-cylin- 
der witli enlargements. 



Fi(i, 401). -Cylindrical end-hlj.hs rnoM Tin: 
coN.TUNCTiVA or TiiK cAi.r. (Morkel,) 

A, in optical longitudinal section ; B, in trans- 
vtirse section ; //, entering nerve-iibri^ ; c, nuedeated 
capsule. 


contain a line fibrillar network continuous with the fibrils of the axis-cylinder. 
The core with its contained fibre is enclosed in a nucleated capsule composed of 
flattened cells. The medullary sheath ceases abruptly at the entrance of the 
nerve, whereas the primitive sheath appears to be continued over the core, 
and to line the capsule. These end-bulbs were discovered by W. Krause. 
They are sometimes of a cylindrical form, sometimes more rounded, and they 
may occur singly or in small agglomerations. End-bulbs of a spheroidal form 
occur abundantly in men and monkeys in the conjunctiva (figs. 410, 411), and 
have also been found in man in the papillre of the skin covering the lips, in the 
mucous membrane of the cheeks, soft palate, tongue, epiglottis, nasal cavities, and 
lower end of the rectum. Sometimes the medullated fibre which passes to each 
end-bulb divides into two or more branches before reaching the bulb, and the 
branches may be twisted around one another on their passage towards the organ. 
The capsule is continuous with the sheath of Henle of the nerve-fibre. 

A form of end-bulb which is found in the human skin and which was described by 
A. S. Dogiel,’^ has a cylindrical form, sometimes bent, and is formed of a connective- 


' Compttifi rendus, December 27, 1880. 


- Zeitnehr. f. wiss. Zool. Ixxv. 1903. 
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tissue capsule enclosing a core of cells. The entering nerve, which is large, loses 
its medullary sheath and is continued through the core as a broad flat axis-cylinder, 
which has a zigzag course and shows numerous enlargements. All of these, as 



FT(i. 410. — EnD-HULJJS I’lloM THE HUMAN 
c o N .J u N { :'1T V A . ( Long wort 1 1 .) 

Ilamiiicaiioii of iiervo-tibres in tlio mucous 
Tueinbrane, and tlioir tennination in cn<l-bnll)s, as 
seen with a lens. 


well as the terminal expansions of 
the main fibre and its branches, 
show a network of neuro-fibrils 
(Van de Velde). 

End-bulbs, simple and complex, 
occur in many other situations. 
Thus they are found in the 



Fi<;. 111. — End-bijeu ok the human 

CONJUNCTIVA, TKEATEl) B PER 

CKNT. ACETIC ACID AND 1 PER CENT. 
osMic A(’ii>. (W. Krause.) 


peritoneum ’ (figs. 112, 413) and in the central tendon of the diaphragm 
(fig. 414), in other serous membranes, in tendons and ligaments, and in the 
connective tissue of nerve-trunks.^ 



Fig. 412, — A medullated here terminating in several end-bulbs in the human 
PERITONEUM. Methyleiie-blue preparation, (Dogiel.) Ijow power. 


Large end-bulbs of a rounded oval form have been found in the synovial mem- 
brane of certain joints in man (e.g. those of the fingers), and also in the articular 
synovial membranes of several mammals. They are somewhat flattened, have a 

' A. S. Dogiel, Arch. f. mikr. Anat. lix. 1902 ; Ramstrbm, Anat. Hefte, xxxvi. 1908. 

' Horsley, Brit. Med. Journ. 1884. 
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large core composed of small cells, and receive from one to four medullated 
nerve-fibres, which terminate within them in fine convoluted and ramified 
non-medullated filaments (fig. 412). They are distinguished by the name of 
articular end-hulhs. 



FlO. 418. — A DOUBT, K END-BULB FKOM THE HUMAN PKBITONEUM. 
Methylene-blue preparation. (Dogiel.) High power. 

a, medullated fibre; 6, cupsulo of end-bulb; u, non-medullated fibres, probably destined 

for blood-vessels. 



Fi(». 414. — End-bulb from central tendon of DiAunRATiM 
OF Doo. Methylene-blue preparation. (Dogiel.) 

Besides the main nerve-fibre, which is medullated, and ends 
in the core of the end-bulb in an arborescent manner, there 
is a second very fine medullated fibre in the outer part of the 
core, 








Another modification was discovered by W. Krause 1 

in certain parts of the external generative organs, 
both in the male and female (especially in the ' Ifl/l/ 

glans penis and clitoridis), and may be named W MW' 

genital end-hulhs. These corpuscles are usually sub- i MlIlvf 

divided by connective-tissue septa into from two 
to six knob-like portions, which gives the whole zt 

corpuscle a mulberry-like aspect. From one to fio. 416.-Artkiui.au EN„-Bur.B 
four medullated fibres enter the genital corpuscle ; from phalanoeal .toint in 
their axis-cylinders for the most part break up Ace tic-acid preparation. 

within it into a large number of line pale terminal two mlduiluted nerve-fibren 
fibres. Their size varies greatly, some of them being entering the corpuscle, 

no larger than ordinary end-bulbs, others several 

times as large. In the simplest the axis-cylinder of the nerve-fibre entering at one 
pole of the somewhat oval corpuscle (fig. 416) may either pass straight or with 
one or two bendings through the corpuscle, and end by a tapering or by a dilated 
extremity near the opposite pole (often projecting beyond the general body of 
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the organ, as in B) ; or it may be much convoluted and ramified in its passage, 
so as to render it a matter of difiiculty to trace its course and mode of termination 
(fig. 416 0, fig. 417). The arrangement of the cells in these corpuscles seems to 
vary. Generally they are chiefly collected at the exterior, leaving the part 



Fi(i. 416. — A AND B, Gknital knd-bulbs fkom the clitokis ok the rabbit (Izquierdo); 
C, FROM THE HUMAN CLITORIS (W. Kiause). 


traversed by the axis-cylinder free from cells and of an obscurely fibrous appearance, 
concentrically striated in transverse section (G. Eetzius) ; but in others such as 
the spheroidal end-bulbs of the human conjunctiva, an agglomeration of cells 
in the centre has been described ; the existence of this is, however, denied 
by lietzius. 

Corpuscles of Ruffini. — In the subcutaneous tissue of the finger, Ruffini * 
described a form of nerve-ending in 
connective-tissue bundles (fig. 418), 
which recalls the nerve-ending in 
tendon-bundles, described by Golgi 
and known by his name (see p. 279). 

Similarly in the Ruffini corpuscles 
one or more medullated nerve-fibres 
enter a connective-tissue bundle, 
their sheath of Henle becoming 
continued into the outer part of the 
bundle. Within the latter, which is 
somewhat swollen into an oval en- 
largement, the fibres, having lost 
their medullary sheath, break up into 
a close ramification, the branches 
lying in the interstices of and 
partly encircling the smaller bundles 
of connective tissue. Sometimes there 
are a number of these corpuscles of 

Rufi&ni in close juxtaposition, supplied by the divisions of a 
fibre. 

Corpuscles of Golgrl-XMCazzoni. — Golgi and subsequently Mazzoni,^ de- 
scribed a form of end-organ of spherical or cylindrical shape which is found on the 
surface of tendons, and similar corpuscles also occur according to Ruffini in the 



Fig. 417.— Genital end-bulb from olans penis. 
Mothyleiie-blue preparation. (Dogiel.) 

G, medullated nerve-fibre; h, capsule of end-bulb. 


single nerve- 


^ Arch, ital de biol. xxi. 1894. 


* Mem. accad. d. sci. d, Torino, xxxii. 1880. 
Mem. accad. di Bologna, 1. 50, 1891. 
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subcutaneous tissue of the finger. They are characterised mainly by the tendency 
which the branches of the axis-cylinder have to end in flattened expansions, often 
concatenated and lying, as in other end-bulbs, in a core. Each has a connective- 
tissue capsule, composed of several lainellae like those of the Pacinian corpuscle 
(fig. 419). Ruffini^ has found similar bodies in the connective tissue of the finger- 


FlO. 418. — A NERVE-ENDING IN A SPECIAL CONNECTIVE-TISSUE ORGAN IN THE DEEPER PART 
OK THE CUTIS. Golcl preparation. (Ruftini.) Magnified 820 diameters. 

a, sheath of Henle of entering nerve; sheath of terminal organ; c, blood-eapillarieM; 
r?, d, terminations of axis-cylinders; spindle-shaped connective-tissue core in Avhicli these 
terminations ramify. 

pulp. These corpuscles have also been described by A. S. Dogiel in other parts of 
the skin. They appear to be intermediate in complexity between the end-bulbs 
of Krause and the corpuscles of Pacini. 

Corpuscles of Pacini. — In dissecting the nerves of the hand and foot 
certain small oval bodies like little seeds may be found attached to their finer 
branches as they pass through the subcutaneous fat on their way to the skin ; 


Pig. 110. — A Golgi-Mazzoni end-organ from the surface of a tendon. 

Gold preparation. (Ruffini.) Magnified 820 diameters. 

each of these bodies receives a medullated nerve-fibre which terminates within it. 
The corpuscles referred to were described and figured by Vatcr in 1741, as attached 
to the digital nerves, but he did not examine into their structure, and his account 
of them seems not to have attracted much notice. In more recent times, their 
existence was again pointed out by Cruveilhier and other French anatomists, as 
well as by Pacini of Pisa, who appears to have been the first writer to give an account 

' Op. cit. - Arch. f. mikr. Aiiat. xli. 1808 
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of the internal structure of these bodies, and to clearly demonstrate their essential 
connexion with nerve-fibres. 

The corpuscles in question are, as already said, attached in numbers to the 
branches of the nerves of the hand and foot (fig. 420 ), and here and there they 



FkJ. 4‘20. -A NEllVE OF THE 
MIDDLE FINOEU, WITH PACINIAN 
BODIES ATTACHED. Nat U ml si/ 0 . 
(After llenle and Kiillikor.) 

are found on other cuta- 
neous nerves. They have 
b(Mm discovered also within 
the abdomen on the nerves 
of the solar plexus, and on 
those of the parietal perito- 
neum.* They are nowhere 
more distinctly seen or 
more conveniently ob- 
tained for examination 
than in the mesentery of 
the cat, between the layers 
of which they exist abun- 
dantly. They have been 
found on the pudic nerves 
in the penis and clitoris, in 
the bulb and other parts of 
the urethra, on the inter- 
costal nerves, sacral plexus, 
cutaneous nerves of the 
upper arm and neck, nerves 
of the nipple and mammary 
gland, and on the infra- 



Fir.. 421. -MACiNTFTED VIEW OF A PaCINIAN BODY FllOM THE CAT’s 
MESENTERY, AS SEEN IN LONOITUDINAL OPTICAL SECTION. 

(Raiivier.) 

H, stalk with nerve-fibro enclosed in shoath of Heiile passiji^ 
to the corpuscle; n\ its continuation through the core, /y?, as a 
pale fibre ; a, termination of the nerve in the distal end of the 
core. In the corpuscle here figured the termination is arborescent. 
fZ, lines separating the tunica of the (rorpuscle, often taken for the 
tunics themselves ; /, channel through the tunics, traversed by the 
nerve-fibre ; c, external tunics of the corpuscle. 


orbital nerve. They have also been described on nerves to tendons and 


ligaments, more rarely on intra-muscular nerves, on the periosteal nerves, and, 


in considerable numbers, on the nerves of the joints. In many mammals they 


1 Ramstrdm, Anat. Hefte, xxxvi. 1908. 
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occur in masses of from twenty to eighty corpuscles imbedded in the fat of the 
ball of the foot and also in the interosseous space between the radius and ulna, 
and between the tibia and fibula. They are found in individuals of all ages. The 
figure of these corpuscles is oval, somewhat like that of a grain of wheat — 
regularly oval in the cat, but mostly curved or reniform in man, and sometimes 
a good deal distorted. Their mean size in the adult is from to mm. 
long, and about half as broad. They have a whitish, opaline aspect : in the cat’s 
mesentery they are usually more transparent, and then a white line may be dis- 
tinguished in the centre. A slender stalk or peduncle attaches the corpuscle to 
the branch of nerve with which it is connected. The peduncle contains a single 
medullated nerve-fibre ensheathed in perineurium, with connective tissue and one 
or more fine blood-vessels ; it joins the corpuscle at or near one end, and conducts 

the nerve-fibre into it. 
The corpuscle itself, ex- 
amined under the micro- 
scope, is found to have a 
distinct lamellar structure 
(figs. 421, 422). It con- 
sists, in fact, of numerous 
concentric membranous 
tunics encasing each 
other like the coats of an 
onion. Surrounded by 
these tunics, and occu- 
pying a cylindrical space 
in the middle of the 
corpuscle, is the core, 
formed of transparent 
and seemingly homo- 
geneous soft substance, 
along tlie middle of 
which the prolongation 
of the nerve-fibre runs. 
The number of tunics is 
various ; from forty to 
sixty may be counted in 
large corpuscles. Those 
which are situated next 
to the core, and compre- 
hending about half of 
the entire number, are thinner and more closely arranged than the exterior ones, 
seeming to form a system by themselves, which gives rise to a white streak often 
distinguishable along the middle of the corpuscles when seen on a dark ground. 
Outside of all, the corpuscle has a coating of ordinary connective tissue. 

The lamellae or tunics correspond very closely in structure to the lamella 3 of the 
perineurium of a nerve. Each lamella (fig, 423) consists of a connective-tissue layer 
formed both of white fibres, which have mostly a transverse direction and are 
placed near its surfaces (b), and of elastic fibres, which pass in various directions, 
and (with occasional bands of white fibres) stretch across the thickness of the 
lamella from one surface to the other (c). Each surface of a lamella is covered 
with endothelial cells (a), which can be brought to view with nitrate of silver, 
and then their continuity with the similar cells in the perineurium is made 
manifest (fig. 424). The tissue of each lamella is lax as compared with that of the 



Fk,. 422.— Transverse section of a Pacinian corpuscle. 


(Szymonowicz.) 

<9, one of the layers of epithelioid cells bounding the tunics ; 
rif nucleus of an epithelioid cell. The axis-cylinder is seen in tlie 
centre ; around this the core ; then the closely arranged inner 
tunics ; outside these and forming the greatest part of the thick- 
ness of the corpuscle, the more open outer tunics. 
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layers of the perineurium, and the interstices between its fibres are occupied 
by a considerable quantity of lymph, and contain occasionally lymph-corpuscles. 
In the fresh state the delicate fibres of the lamellae are difficult of observation, 
so that the adjacent layers of 
endothelial cells belonging to the 
successive lamellae stand out sharply 
when the corpuscle is viewed in 
optical section, and these were long 
taken to represent the actual tunics 
of the organ. The layers are not 
everywhere in close juxtaposition, ^ 



but are here and there separated 
from one another by interlamellar 
spaces which are occupied by 
lymph, and represent the lymphatic 
clefts between the layers of the 


Fkj. 4‘2S. — DiAdRAMMATIC UKPRESENTATION OF TWO 

TUNICS OF A Pacinian corpuscle in transverse 
SECTION. (SchiitVr.) 

o, (f, ej>itlielioi(I layers; h, h, connective-tissue layer, 
more eondensetl near the surface ; r, open network of 
tine elastic fibres in the substance of the lamella. 


perineurium of a nerve (p. 239). 


The nerve-fibre, the disposition of which may now be noticed, is conducted 
along the centre of the stalk, enters the corpuscle, and passes straight into the core, 


at the farther end of which it terminates. As shown by Pacini, the layers of the 


perineurium successively b(»come continuous 



with, or rather expand into the tunics of 
the corpibscle. Since, however, in most 
Pacinian coipuscles there are many more 
tunics in the corpuscle than layers of the 
perineural sheath which invests the entering 
nerve, it is only a few of the tunics which 
are thus continuous ; and it will be 
generally found tliat it is the outer ones 
which are so. A certain number of the 
inner tunics are superadded therefore, and 
when traced towards the nerve-fibres th(*y 
may be seen to end with rounded margins 
bounding a canal in which the nerve-fibre 
runs. Idle latter is accompanied by a 
little endoneural connective tissue which 
generally contains a number of granular 
cells (fig. 425). 

The nerve-fibre is single as it runs 
along the peduncle, unless when the latter 
supports two corpuscles ; it retains the 
medullary sheath until it reaches the core, 
into which the axis-cylinder alone passes, 


Fkj. 424.— Pacinian corpuscle from the freed from its ueurolemma and medullarv 


MESENTERY OF THE CAT ; STAINED WITH 
NITRATE OF SILVER. Magnified. 

The epithelioid cells of the outermost 
tunic are shown, and their continuity, at the 
peduncle, with those of the corresponding 
layer of the perineurium. (From a drawing 
by G. C. Henderson.) 


sheath. In its course through the core it 
is somewhat flattened, and presents the 
appearance either of a pale, finely striated, 
and very faintly outlined band or stripe, 
or of a darker and more sharply defined 
narrow line ; differing thus in appearance 


according as its flat side or its edge is turned towards the eye. The contrast in the 
appearance of the fibre before and after entering the core is well exhibited after 
treatment with osmic acid, which stains the medullary sheath deeply, whereas the 
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axis-cylinder is far less stained. It sometimes happens that the fibre regains its 
double contour for a short space, and changes again before it terminates ; this is 
especially liable to occur while it passes through a sharp flexure in a crooked core. 
The fibre usually ends by an enlargement at the farther extremity of the core, which 
is here itself somewhat dilated. The enlargement is formed by an expansion of 
the axis-cylinder, and is sometimes of considerable size. It may be of an irregular 
shape with processes branching outwards from the sides and ending in an arborescent 
manner in the core.* The axis-cylinder shows the usual longitudinal fibrillation as 
it passes through the core, and the fibrils become somewhat spread out as they pass 
into the terminal expansion, where they form a dense network ^ (fig. 426). In many 



Fi(i. 425, — I’ ART oi’ Pacinian body, showing thk 
NKRVK-F imtK ENTt’UlNO 'I'HK CORE. From iXll 
osinic-acid pi'cjmratioii. (Scliiifer.) 

I//S, eiitoriiig iicrve-fibiv, tlie medullary sheath of 
which is stained darkly, and ends abruptly at the coro? ; 
jjs, [)rolongation of primitive sheath, passing towards 
the outer part of the core; c/, axis-cylinder passing 
ihr(nigh the core as the central fibre ; c, some of the 
inner tunics of tlie corpuscle, enlarged where they abut 
against the canal through which the norve-fibro passes; 
n, nuclei of the tunics ; n' nuclei of the endoneurium, 
continued by others in the outer part of the core. 



Fro. 42G.— Endino of axiae fibre in a 
Pacinian corpuscle from the mesen- 
tery OF THE CAT, SHOWING THE NEURO- 
FI BRILS. (Van de Velde.) 

o, axis-cylinder ; c, neuro-fibrillar network 
at its termination ; h, some of the innermost 
tunics of the ca])siile. 


cases the fibre, either immediately before terminating, or in its comse through the 
core, divides into branches. In case of division of the fibre, the core is generally, 
but not invariably, divided in a corresponding measure, and the inner tunics present 
a figure in keeping with it. It is worthy of remark, that the nerve-fibre in its 
course along the core runs almost exactly in the axis of the latter, and it maintains 
this position even when passing through the abrupt flexures of an irregularly 
shaped core. It sometimes happens that a fibre passes quite through one corpuscle 
and terminates in a second, resuming its original size and dark outline while passing 
from the one to the other. A little artery enters the Pacinian body along with the 


' Sala, Anat. An/,, xvi. 1000. 


- A. S. Dogiel, Auat. Anz. xxv. 1904 ; Van de Velde, o]). cit. 
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nerve, and soon divides into capillary branches, which run up between the tunics. 
They then form loops, and return by a similar route into a vein corresponding to 
the artery : a single capillary usually accompanies the nerve as far as the core, 
and passes some way on the wall of the latter, sometimes with a spiral direction 
(Bowman). Occasionally a vessel enters the corpuscle at the distal end and passes 
towards the core, uniting the tunics in its passage. 

Solokof! ^ describes a slender noii-medullated fibre accompanying the medullated 
fibre, and ending over the surface of the core in an arborescent or reticular 
termination. A similar fibre has been described by A. S. Dogiel in the Herbst 
corpuscle. 

The core is not structureless, as on superficial examination it seems to be, but 
exhibits in its outer part longitudinal striation and nuclei in variable number. In 
transverse section the striation in the outer part of the core is seen to be concentric, 
and is produced apparently by flattened nucleated cells, which are so arranged as 
to enclose the inner and more homogeneous portion. At the entrance of the nerve- 
fibre into the core the nucleated cells here spoken of are to all appearance continuous 
with cells in the endoneurium around the entering nerve-fibre, so that this outer 
part of the core, at least, may be regarded as formed by an expansion of endo- 
neurium. The inner part, on the other hand — that, namely, which is in immediate 
contact with the axis-cylinder, appears structureless, but is developed as a mass of 
cells, the nuclei of which are seen at its periphery. The cells themselves seem to have 
become fused into a syncytium which envelops the terminating nerve-fibre. 

TACTILE KNO-ORGANS OF BIRDS. 

On account of the light which they throw upon the structure of the end-bulbs 
of mammals, a short description of certain tactile end-organs of birds may be 
given here. 

Corpuscles of Grandry. — It was noticed by Grandry that in the soft skin 
covering the bill of certain birds, such as the duck and goose, a peculiar form of 
end-organ exists consisting of 
two or more flattened cells, 
enclosed in a common capsule 
of connective tissue, and re- 
ceiving between them the 
termination of an axis-cylin- 
der (fig. 427). They are also 
found in great numbers in 
the mucous membrane of the 
duck's palate, along with the 
Herbst corpuscles to be im- 
mediately noticed. 

The cells which form a 
corpuscle of Grandry have 
the surfaces which are opposed 
to one another flattened or 
slightly hollowed. Their pro- 
toplasm is striated. There may be two only of these cells in a corpuscle of Grandry, 
or there may be three or four or even more, piled the one on the other. When 
numerous they may lose their regularity of arrangement. Occupying the interval 
between every two cells is a disc termed the ‘ tactile disc,' and according to the 
testimony of all observers the axis-cylinder of the entering nerve-fibre ends in these 

^ Journ. de Tanat. et de physiol. 1HG9. 


c 


Fkj. 427. — Tactile cohpuscles kkom the duck’s tonuuk. 

(I/.qiiierdo.) 

A, composed of three cells, with two interposed discs, into 
which the axis-cylinder of the nerve, n, is observed to pass; in 
B there is but one tactile di.se enclosed between two tactile 
cells ; C illustrates the development of a tactile corpuscle like 
the one shown in B ; c, deeper cells of the epithelium covering 
the papilhited surface of the tongue ; p, apex of a papilla, in 
whicli there appears to be a downgrowth of epithelium-cells, 
the lowermost of which are becoming developed into tactile 
(•ells. 



’ Anat. Anz. xvi. 1900. 
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tactile discs. The tactile cells and discs are enclosed in a common capsule of 
connective tissue continuous with the perineurium of the nerve. From the capsule 
incomplete septa pass inwards between the flattened cells, as far as the edges of 
the tactile discs so that the septa look as if they were perforated to receive the 
discs. Usually a single nerve-fibre passes to each corpuscle, and this may either 
lose its medullary sheath on entering the corpuscle or may retain it for some part of 
its course, although it eventually, in any case, becomes lost. The axis-cylinder, 
passing between the capsule and the tactile cells, divides into as many branches 
as there are tactile discs ; in which, as already mentioned, it finally terminates. 
Within each tactile disc it breaks up into a large number of fibrils, which accord- 
ing to Dogiel penetrate into the adjacent cells. Dogiel also describes a second 
inediillated fibre ending in a pericellular network within the capsule.^ 

When degeneration takes place as a. result of the section of the nerve, the 
degenerative process extemds not only 


to the tactile disc 
cells which cover it. 


Init also to the 



Pk;. 42H, — Hekust couinTSCLE of duck. 

(Sobotta.) Magnilicd SSO cliameterH. 

n, medullatecl nerve-fibre ; (f, its axis- 
cybnder ending in enlargeinerit at end of 
core ; r, nuclei of core-cells ; t, nuchd of 
outer tunics ; t', inner tunics. 



Pio. 429.— KK^ -Ret/ius coupuscee in 

OPTICAL LONCiJ'ITIDlNAL SECTION. 
Bicbvomate preparation. ( W. Krause.) 
Jij outer layer; r, i, concentric lamelbc 
of capsule ; it, torniiiial nerve-tibre. 


According to Izquierdo, these corpuscles are developed as a result of the multi- 
plication and down-growth of some of the epithelium-cells which lie at the apex of 
a papilla (fig. 427, c). The growth becomes entirely cut off from the rest of the 
epithelium and surrounded by connective tissue, whilst the cells within it arc 
converted into the flattened ‘ tactile cells," and a prolongation of a nerve-fibre 
grows up into it. According to Szymonowicz,’* the cells of both Graiidry"s and 
Herbst"s corpuscles are of connective-tissue origin. 

Corpuscles of Kerbst (fig. 428). — These, which form the principal mode of 
nerve-termination in the bird"s skin, and are also very abundant in the mucous 
membrane of the duek"s palate, are in structure similar to large cylindrical end- 
bulbs. They have a core consisting of nucleated cells, which are disposed trans- 

' A. S. Dogiel and Willanen, ZeitHchr. f. wiss. Zool. Ixvii. 1900 ; A. S. Dogiel, Arcb. f. Anat. 1891, 
and Anat. Aiiz. xxviii. 1905. See also Geberg, Int. Monatschr. f. Anat. u. Pliysiol. x. 1893. 

^ Arcb. f. mikr. Anat. xlvii. 1897. 
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versely, and through the middle of which the axis-cylinder passes, sometimes 
unbranched, sometimes branching once or twice. Each branch ends in an enlarge- 
ment. The capsule is (*omposed of an outer layer of longitudinal fibres, and an 
inner layer of strongly marked fibres of a brownish colour, running transversely 
or circularly. They most nearly resemble the innermost part of the Pacinian 
corpuscles — i.e. the core and the innermost lamella. 

Certain corpuscles which are found in the bill of some water-birds exhibit so 
obviously a transition between the simple corpuscles of Herbst and the complex 
corpuscles of Pacini immediately to be described, that they may be especially 
mentioned here. These, which are sometimes named the corpuscle,^ of Key and 
Retzins (fig. 429). differ from the corpuscles of Herbst in having a capsule composed 
of a large number of closely arranged lamella*, similar to those of the inner or denser 
part of the Pacinian corpuscle, outside which is a single strong layer of longitu- 
dinally disposed fibrous tissue. The inner lamelke are largely composed of circular 
or transverse fibres, but these lack the brownish tint of the fibres of the inner 
lamella of the Herbst corpuscle, nor do they exhibit the intra-laniellar fluid which 
is characteristic of Jiiost of the lamelhe of the Pacinian corpuscle. 


Other modes of ending* of afferent nerves. — Instead of ending in the 
vspecial terminal corpuscles of different kinds which have been described in the pre- 
ceding pages, many afferent nerves, as before stated, terminate in the form of fine 
ramifications of the axis-cylinder, which pass between the elements of the tissue 
to which the nerves are distributed. As they approach their termination the 
nerve-fibres, which are medullated, divide dichotomously again and again, retaining 
after all the earlier divisions 
l>oth the medullary sheath 
and the neuro lemma, and 
being accompanied by a pro- 
longation of the sheath of 
Henle. Lower down this last- 
named sheath becomes lost, 
and a short distance farther 
on the medullary sheath and 
eventually also the neuro - 
lemma also disappear, the 
nerves being continued as 
axis-cylinders only ; these can 
distinctly be seen in prepara- 
tions stained with chloride of 
gold to be made up of fine 
varicose fibrils (fig. 430). At 
every division of the nerve 
some of these fibrils pass into 
each branch, and where, as 
often happens, the branches 
unite with one another to 

form a subterminal plexus, some of the fibrils pass across from one branch to 
another. By the time the terminal ramification is reached many of the branches 
may consist of ultimate fibrils (fig. 431). Whether these unite with one another 
so as to form an actual network is still doubtful. 



Fkj. 4S0. — Distbiiuttion of nerves in a portion of the 
CORNEA of the kahbit. (Ranvier.) 

Tho nerves are stained with chloride of gold. larger 
plexus of non-medullated fibres, made up of numerous fine 
fibrils ; a, o, smaller fibres derived from them, and them- 
selves giving off still smaller branches ; h, varicose fibrils ; 
junctional branches of the larger plexus. 


A ‘ nervous network ’ is not to bo confounded with a ‘ nervous plexus.’ In the former 
an actual fusion of the fibres which result from repeated division of the nerves is assumed 
to take place, whereas in the latter, although there may apjiear to bo an intimate union 
VOL. II. PART I. T 
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between the different nerves which enter into the plexus, this union does not extend to the 
ultimate elements ; in other words, although fibres or parts of fibres (fibrils) may be given and 
received by the several nerves to and from one another, these fibres (in the case of the larger 
plexuses) or fibrils (in the microscopic plexuses) remain completely distinct, although they 



Fkj. 4Jll.--Ni:uvK-FiHKiLs passing to theik terminations in the epithelium covering 

THE CORNEA. (Ranviei*,) 

a, main bnincli of chief plexus; a, ending of secondary branch in a pencil of nerve-librils ; 
c, intra-epitheliiil librils. 

may run in close juxtaposition. Nervous plexuses are of very common occurrence, l)oth those 
of the larger sort which have long been recognised by anatomists, and the smaller microscopic 
plexuses which are very often found near the endings, both of some centripetally conducting 
and of some centrifugally conducting nerves. Nervous networks arc of less frequent occurrence, 



Fio. 432. — Ending oe nerve-fihiuls in a strati- 
fied EPITHELIUM ((ESOPHAGUS OF RABBIT). 
(G. lletzius.) 

n, nerve-fibre passing through coriuin, c, to 
terminate in a ramification of varicose fibrils in 
the epithelium, cp. 



Fig. 433. — Ending of an afferent nerve in 
THE endocardium. (Dogicl.) 


and indeed their existence has been doubted altogether by some histologists.* Recently, how- 
ever, cvidenco has been accumulating in favour of the existence of a terminal network of neuro- 
fibrils from the same axis-cylinder, although networks formed by the union of branches of 
different axis-cylinders must still be considered as of doubtful occurrence. 


' Compare Waldeyer, Ue. d. Endigungsweiae der sensiblen Nerven : Archiv f. mikr. Anat. xvii. 3C7. 
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Nerve-endings of the above description are found in many parts of the body — e.g, 
the skin and mucous membranes, the cornea of the eye and serous membranes, and 
in intermuscular connective tissue. In the skin and mucous membranes the nerve- 
fibrils penetrate between the elements of the covering epithelium (fig. 432). In 
the cornea they may even reach the surface, but in the epidermis they are not 


f- 

/- 

i 



Fid. 184. — ExDiNd oi' ai’feuent neuye-kii{Rks in the endocardium. (Dogiel.) 


found beyond the limits of the Malpighian layer. The nerves destined for the 
epidermis and those lor the end-bulbs of the skin are generally different, but 
occasionally a nerve-fibre passes through an end-bulb and then on to the epidermis. 
In serous membranes and in the endocardium, as well as in intermuscular septa, the 
terminal fibrils end in flattened expansions (figs. 433 to 436) which somewhat 
recall the appearances seen in the organs of Golgi (see pp. 278, 279). 



Fid. 485.— Terminal arborisation from the intermuscular connective tissue oi im; 
RECTUS ABDOMINIS OF THE RABBIT. Mcthylone-blue preparation. (Dogiel.) 


In the skin and mucous membranes the nerve-endings may exhibit a series 
of flattened leaf-like enlargements, presenting an appearance which has been 
compared by Ranvier to branches of ivy, and termed by him hederiform nerve- 
endings. Such occur in the most superficial layer of the derma in man, especially 
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in the immediate neighbourhood of the sweat-ducts (fig. 437), and in the mucous 
membrane of the tongue ; they may occur in these situations along with end-bulbs 
and other kinds of nerve-ending (fig. 438) ; and they are also found between the 
epitlielial cells which constitute the outer root-sheath of certain of the hair- 
follicles of animals. In some other especially sensitive parts in animals the intra- 



a 


Fi(}. 486. — Tkbminac ahijouisation kuom thk i.aveu ok the I'ekitoeeum ok 

THE iiAJimT. Mothylene-bluo prei>aration. (Dogiol.) 

fi, medulIato<l fibre fibre connecting tlie arborisation with anotlier one not here represented. 

epitlielial nerves are very numerous and exhibit a somewhat similar arrangement. 
Tills is the case in the epithelium covering the snout of the pig and some other 
mammals, where the branches of the axis-cylinders end in tactile menisci (hg. 439), 
wliich lie between some of the deeper cells (Kanvier). These menisci show a 
reticular structure (tig. 440). In the snout of the mole pencils of nerve-fibrils pass 



Fig. 487. — Hederikohm nerve-endings in the cutis veiia. (llanvier.) 
n', nerve-fibres; /w, enlargements on terminal fibrils; p, papilla*; .s, sweat-duct. 

in great number vertically through the deeper layer of the epidermis to end freely 
beneath the horny stratum (Eimer). 

Nerve-endings in a terminal ramification of fibrils are found in simple epithelia 
as well as in stratified. They have been described as passing between the cells of 
columnar epithelium and are also found ramifying amongst ciliated cells.’ These 

1 A. Bethe, Arch. f. raikr. Anat. xliv. 1896. The nerve-endings in several mucous membranes have 
been described by G. Retzius (Biol. Uiiters.); in the mouth by E. Botezat (Anat. Anz. xxxi. 1907) and 
Ceccherclli, Int. Monatschr. f. Anat. n. Physiol, xxv. 1909. Botezat has also made a renewed study of 
the endings in the epidermis (Anat. Anz. xxxiii. 1908). 




NBRVE-E5DIK0S Ijf TENDONS 


•ir.- dn,ibil„ss of a .^onaory nature, for nerve CJEcitation is not fouml to Lav.- any 

iiii'liK'iic't" (ti! tjjt- iictioii o{ eilbi. 

Special Biodificat-ions of the 

plexiforiii mciiie of ending of sensory * ""VI 

fierveH exist in various peripheral I i 

cirgciiM, aiiioiigst which the endings / I W , | _ I 

in tendons and muscles may be - - | | ; | 

particularly described. / , i | 1 

Mmwwe-emMmsm la toadoas.— t ■ | 'J* • | 

Mffsi (il the mu‘ve-en<liuLcs in. tendons I I . t I 


I'ltC -JSB,— ThkCK MOUKS ok NEIlVK.ENniNtS MET WITH IN THE MfCOlTS MEMJUlAKi; 01 THE 


TONcscE. Gold preparation. (CeocherclU.) 




ner? 


eUihi'o with luHierifonn ending; 5, a fibre terminating in an etid-bnib ; e, nerYtvhbroii 
ending tu (dose rannlications at the bane of a double papilla ; e, blood ■vefe^el.'^. 



^ome tendons eud-bulhs like, those 
hmmk a-ud 

small Pacinian curpusttles o! simph* 
HtTuetiire oeeur oceasionally in the 
areolar tis.sue sheaths of iondous 
and ligaments. But in iiiaiiy 
tendons, at their- jiinction with the 
museles, thorfi oecuis as was firsi 
shown by (iolgi in 18T8d- long 
spindle-shaped bodies compo^i^l .d 
a number of tendimms b!ifitih-< 
more or less fused.^ into which iiae 
or more mediillated hibrss. pass.. 
After dividing a eertaifi nmuber mI 
times, their ■axis-cylinders ^ spread'- 
themselves out b(P.we<-n ihc -uudh'r 
I liters. 1804; see also Ciaceio, Arch. ital. de biol. xiv. i wO. , 


!-'e. Eiit-' jbM.ilNii OF NKHVKS IN TACTILE DISCS IN 

'i'no iMo's FNouT. (Hanvier.) 
a, err til.ire ; le, terniinal meniBci or tactile discs; 
c . , iohnurv .>}-.ahtd!i}nj-<>(di ; a, altered epitheiiumHielh 

tf,o \fliicJi ilio men isciis is applied, ' ■ : ■ 
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¥in, d40.— A NKHVE-FIBIIK ENDING IN TACTILE MENISCI. fCajai.) 
Mio neuro-flhrils arc socn to form networks within tin* fiilarj^emcnt? 




h'lu. 'Mj.,“-OKGAN OF (.loi.oi I-noM THE HUMAN TKNDO ACIIJLI.IS. Cllloridc of 

propu ration, { C i acoio.) 

.n>j mnsfular lihros ; if, tt'ndon-hinnllea ; (/, Golgi’s organ with tlie axis-cylinder o the 
ramifying between the small connective-tissue bundles. 


KkiUNG of a NEm'K-FlBRF IN AN ORGAN Oi' GoLoi. (Gi.ics-iu, i 

‘I'vc; U\ its sheath of Heide ; a, n, n, ramiftcationH of its axi-. < ; 

between kmdon-buiulfes ; w, muscle hbres. 
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Transverse section of omohyoid muscle, human, with blood 
(Sobotta). Haeraatoxylin-eosin. 
msp, sections of two muscle-spindies in endomysium ft 
mysium; a, arteries; v, veins; n, nerves. 


Transverse section of muscle spindle, human (Sobotta). Magnified 

40 diameters. 

sh. sheath of spindle; nt, muscle fibres of spindle; w, nerve-fibres of spindle 

M, fibres of muscle. 
msp 
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tendon-bundles, and collectively form a 
branched expansion which is not unlike 
that in which the sensory nerves to the 
muscles themselves end. ’The peculiar 
spindle-shaped thickening of the tendon 
which is thus provided with a rich nervous 
network is known as an organ of Golgi 
(figs. 441, 442). Various modifications of 
these have been described, but their 
fundamental structure appears to be the 
same in all vertebrates. 

A. S. Dogiel ‘ has shown that the nerve- 
endings in the organs of Golgi are fibrillar 
in structure, like those in the end-organs of 
the muscle itself. 

Sensory nerve-ending's in muscles s 
muscle-spindles. — In the voluntary 
muscles certain peculiar organs have long- 
been known to occur amongst the ordinary 
fibres, consisting of a bundle of very fine 
cross-striated muscle-fibres enclosed in a 
loose capsule of connective tissue (see ac- 
companying Plate and figs. 443 to 445). To 
these organs the name ‘ muscle-spindle ^ was 
attached, but their real meaning was until 
comparatively recent years a subject of 
conjecture. The histological researches of 
various authors, and particularly of Ruflini,*'^ 
have however now completely elucidated 
the structure of the muscle-spindle. Ruffini 
showed that the nerves to the so-called 
‘ intrafusal ' muscle-fibres are not provided 
with the end-plates which are characteristic 
of motor-nerve endings, but terminate 
amongst the muscle-fibres of the spindle 
much in the same way that the nerve- 
fibres end between the tendon-bundles in 
the organs of Golgi. The positive proof 
that these nerve-fibres are afferent and not 
efferent was provided by Sherrington, who 
cut the ventral roots of the nerves of one 
of the limbs (in cat and monkey) and 
found that the intrafusal nerve-fibres did 
not participate in the Wallerian degeneration 
which affected all the motor nerves of the 
limb -muscles. 

Muscle-spindles are, as their name im- 
plies, of a generally fusiform shaf)e, larger 

’ Arch. f. niikr. Anat. Ixvii. 190(5. 

- Arch. ital. de biol. xviii. 189S. See also Sherrington, 
Journ. Physiol, xvii. 1894; Sihler, Arch. f. mikr. Anat. 
xlvi. 1895 ; Huber and de Witt, Journ. Comp. Neiir. 
vii. 1898 ; J. Baum, Anat. Hefte, xiii. 1900 ; A. S. Dogiel, 
Arch. f. mikr. Anat. Ixviii. 1906. 



Fig. 448.-— Nkrve-en’dings upon the intra- 
fusal MUSCLE-FinRES OF A MUSCLE- 
SPINDLE OP THE RABBIT. Methyleiie- 
blue preparation. (Dogiel.) Moderately 
magnified. 

a, large medullated fibre coming off from 
* spindle ’ nerve and passing to end in an 
annulo-spiral termination on and between 
the intrafusal fibres; a fine medullated 
fibre coming off from the same stem and 
dividing. Its branches, c, pass towards the 
ends of the muscle-fibres and terminate in 
a number of small localised arborisations, 
like end -plates. 
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in the middle and tapering to the ends. They vary greatly in number in different 
muscles, being fairly numerous in some, few in others, such as the eye-muscles, 
whilst in yet others their presence has not been detected. They are found in 
most if not in all vertebrates imbedded in the depths of the muscle-substance, 
and lying parallel with its fibres. They are more numerous in the limb-muscles 
than in those of the trunk, and in the distal than in the proximal part of the limb 
(Sherrington) : most occur near the middle of a muscle.* 
They vary greatly in size, the extremes being from 
0*75 mm. to 4 min. in length and 0 08 mm. to 0*2 mm. 
in cross-section. Each is enclosed by a lamellated 
connective-tissue sheath, continuous externally with the 
intramuscular areolar tissue, and becoming somewhat 
looser towards the centre, where a lymphatic space 
(periaxial space) surrounds the muscle-fibres of the 
spindle : this space is bridged across by connective 
tissue here and there and by the entering nerve-fibres. 
Eunning through the axis of the spindle is the intrafusal 
bundle of muscle-fibres. These are much finer than the 
ordinary muscle-fibres, having, in fact, somewhat the 
appearance of embryonic muscle, and like this showing 
more numerous nuclei, especially near the middle of 
the spindle, and rather more protoplasm than the 
ordinary muscle-fibres. Moreover, each is found to 
split for the most part into two, at a short distance 


ElG.444.-ANANNlTLO-SPinAL FiG.44G.-EnD1NG of NKRVK.FIHUE8 IN A MUSCLE-SPINDLE. 

ENDING OF INTRAFUSAL (Kulhni.j 

FimiE. Methylenu-blue n, nerve-fibres passing to spindle; a, annular ending of axis- 

l)reparntion. (Dogiel.) cylinders; s, spiral endings; <?, dendritic endings; .s7#, connective- 
Highly magnified. tissue sheath of spindle. 


from the proximal end of the spindle, so that the middle and distal ends appear 
to contain more fibres than the proximal end. At these ends they pass into tendon- 
bundles, which are either continued into the intramuscular tissue or, if near the 
tendinous attachment of the muscle, into the tendon of the muscle itself.* 

The nerve-fibres of the spindle are large medullated fibres, usually three or 
four in number (fig. 443). They divide on reaching the spindle and pass into the 


' Gregor, Arch, f. Anat. 1904. 


* These tendons frequently contain Golgi-orgons (Sherrington). 
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intrafusal bundle, losing their medullary sheaths and being prolonged as axis- 
cylinders only, which run in an annular or spiral manner as flattened fibres around 
the muscle-fibres of the bundle, terminating with free, sometimes slightly enlarged, 
endings between the muscle-fibres (annulo-spiral endings) (figs. 444, 445). But 
they do not all terminate in this way, for some of the branches of the nerve-fibres 
are much finer than the rest, and these pass nearly straight along the muscle- 
fibres and terminate in an arborisation, 
the terminal twigs of which are applied 
to the surface of the muscle-fibre by 
means of finely branched localised 
expansions {flower-spray endings y fig. 443), 
not very unlike the ‘ end-plate ' expan- 
sions of some motor-nerve endings. It 
is not, however, to be inferred from this 
that these represent motor-nerve fibres, 
for it would appear that they have their 
origin in common with the fibres of the 
annulo-spiral endings. Motor nerves and 
endings liave also been described in the 
intrafusal muscle-fibres, but their presence 
here is somewhat doubtful. 

It sometimes happens that two or three 
muscle-spindles ar(‘ enclosed in a common 
sheath. 

The nerves to the muscle-spindles are 
not the only sensory nerves of muscle. 

Giacomini,* Ceccherelli, -^ and A. S. DogieP 
have described in some animals fine fibrils Fic.. 446 .-An afferent nerve-fibre termi- 

(derived from branching medullated nerve- tendinous ends of several muscle- 

fibres) which form an arborescent invest- fibres (toad). (Ceccherelli.) 

nient to the ends of the muscle-fibres, close 

to their tendinous attachment (fig. 446). Similar ramifications occur in the tendon 
itself, close to the muscle ; small Pacinian corpuscles are also found in this situation. 
All of these, as well as the organs of Golgi in the tendon-bundles, doubtless 
aid in ministering to the ‘ muscular sense," although this is generally regarded as 
being mainly the function of the muscle-spindles. 

ENDING OF NERVES IN ORGANS OF SPECIAL SENSE. ' ) 

The special-sense organs show two main types of connexion of the sensory surface 
with the central nervous system (figs. 447, 448). One of these is in the main similar 
to the mode which has already been described in connexion with those sensory 
nerves of the skin which are distributed between the cells of the epidermis. Here 
the cell-body of the neurone is situated in a ganglion upon the nerve-root, and 
the nerve-cell- body from which the sensory nerve springs is in all cases originally 
bipolar, with two axons, one passing peripherally to ramify between the cells of 
the sensory surface and the other passing centrally to ramify in the grey matter 
of the adjoining part of the central nervous system, whether spinal cord, medulla 
oblongata, or pons. The gustatory and the auditory nerves conform to this 
type. In the other type, the nucleated cell-body of the sensory or recipient 
neurone is itself situated at the periphery between the cells of the sensory surface 
and sends its axon centrally towards the central nervous system, there to end by 



^ Monit. zool. ital. ix. 1898. 


2 Anat. Anz. xxiv. 1904. 


^ Arch. f. mikr. Anat. Ixviii. 1900. 
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ramifying in the grey matter. The peripheral process is a part of the cell-body 
modified to receive the particular form of sensory impression which the sense- 
organ is adapted to convert into a nervous impulse. To this type the olfactory 
and visual sense-organs conform. 


Lunihriciis Ncrrift Vertehratn 



Kks. 447. r)lA(iUAMS SII(»\VIN(t TIIK POSITfON OF THK SENSOKV NERVF-CKT.L IN LfMBRK’L'S, 

Nkreis, and Vkuteukata. (G. lletzius.) 


/I iKlifori/ 



Gnsfdtori/ 



Tdctilc 



Fl(i. 448 . l)lA(iKAMS SHOWING THK MODES OK ENDING OK SENSORY NERVES IN THE EAR, 
TASTE-BUDS, AND EPIDERMIS RESPECTIVELY. (G. IlotziuS.) 


That the latter type is the more primitive is shown by the fact that it is met 
with in the lowest examples of Metazoa in which definite sensory nerves can be 
shown to exist. This is exemplified in the sensory organs (‘ eye-spots ’) of medusse, 
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and also in annelids such as Lumbricus, in which all the sensory cells of the in- 
tegument lie amongst the ordinary epidermis cells (fig. 447), with a short rod-like 


process extending towards the free 
surface and a relatively long nerve- 
fibre process (axon) passing into the 
gangliated cord which represents the 
central nervous system, and there end- 
ing in extended ramifications. In worms, 
such as Nereis, somewhat higher in the 
scale than the earthworm (lig. *147) the 
nucleated body of the sensory nerve- 
cell lies already below, i.e. deeper than 
the epidermis-cells, and its peripheral 
process is elongated to form a fibre 
which is inserted between those cells. 

It is only in vertebrates that the 
recipient sensory neurones for the 
general integument have their cell- 
bodies grouped into special ganglia 
lying close to the central nervous 
system. 

Mode of endingr of grustatory 
nerves. — The nerves which minister to 
the sense of taste terminate by arborisa- 
tion amongst certain specially modified 

(mucous 



n 


Fhj. 441). — Section of a taste-bud of the 
HABBiT. (Kaiivior.) 

/>, gustatory poro witlj hairlets ; r, a suston- 
tacular cell; .«?, a gustatory coll; ///, a granular 
leucocyte; b, nerve-jibr(»s , c, stratified epithelium. 

epithelium-cells in the lining membrane 
membrane) of the mouth and fauces. 



Fi<;. 4oU. — E nding of nebve-fibres 

IN AND AROUND TWO TASTE-BUDS 

OF RABBIT. Golgi preparation. 

(G. Retzius.) 

??, nerve-bundle ; />, a tasto-bnd (the 
cells are not represented] ; /, ending 
of nerve-fibrils within taste-bud; 
p, ending of fibrils in epithelium 
adjacent to taste-bud ; s, sulcus, 
on the sides of which the taste-buds 
are set. 


These specially modified cells arc collected into 
bud-like masses (taste-buds) (fig. 449) which lie in 
and entirely fill cavities within the thickness of 
the stratified epithelium covering the mucous 
membrane. These cavities communicate with the 
interior of the mouth by a small aperture termed 
the ‘ gustatory pore,' and into this project minute 
rod-like processes from certain cells of the taste- 
bud which are known as the gustatory cells, and 
which mainly occupy the central part of the 
taste-bud, whilst the more superficial part is 
composed entirely of long tapered cells, some- 
what flattened conformably to the external surface 
of the taste-bud, and termed the covering or 
sustentaeular cells. 

The gustatory cells arc long narrow cells with 
a prominent nucleus near the centre, a straight 
or slightly curved unbranched peripheral process 
terminating in the small rod just mentioned, and 
a fine centrally directed process which is often 
branched and which reaches the base of the 
taste-bud. It was at one time believed to be 
in continuity with the nerve-fibres of the taste- 
bud, but this is not the case. These nerve- 
fibres — which are mainly derived from the glosso- 


pharyngeal nerve, but some of which come from the chorda tympani of the facial 


and perhaps others from the fifth nerve — originate in ganglion-cells (like those of 
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the spinal ganglia) which are situated in the roots of the nerves just referred 
to, and they end peripherally, after losing their sheaths at the base of 
the taste-bud, by a fibrillar arborescence which lies amongst the gustatory 

cells (fig. 450). The centrally directed axon 
passes along the nerve-root to terminate in 
the grey matter of the pons. Taste-buds 
are found most abundantly in the tongue 
at the sides of the circum vallate papilhe and 
in the neighbourhood of these papillje, but 
also in other parts of that organ, as well as 
on the under surface of the soft palate and 
on the posterior surface of the epiglottis. In 
the rabbit large numbers of taste-buds are 
found in the papilla foliata which lies on either 
side of the base of the tongue, and it is here 
that they are most easily studied. 

Mode of ending* of nerves in the 
orgran of hearing*. — In the two parts 
of the internal ear — viz. the cochlea and 
the vestibule, with its semicinuilar canals, 
the mode of ending of the nerve-fibres is, 
on the wliole, similar to that described for 
the gustatory organ, the fibres terminating by a fibrillar arborescence between 
and around certain specially modified epithelium-cells. 



Fid. 451.— Plan of the mkmhiianohs 

LABYKINTH, SlIOWINCi BY SHADlNiJ 
THE i'LACKH WHERE THE NERVE- 
ITHHEH ABE DISTBIBUTED. (Schufcr.) 

Uf utricle witli its macula; s.s.r., e.s.r.^ 
and p.s,c,t superior, external, and ponterior 
semiciriMilar canals, each with an am- 
pulla; A, saccule; s.p., saccuH eiido- 
lymphaticuB ; c.r., canalis reunieiiB ; 

c.r., canal of cochlea. 



Flo. 452. — Photooraph of a section throeoh the crista of an ampuli.a of the 
( iUiNEA-Pio. (From a preparation by H. Pringle.) 

In the lowest part of the section bundles of nerve-fibrea are seen passing through the bone 
and turning up into the loose tissue below the crista. The epithelium-cells of the crista are 
pear-shaped, and are surmounted by hairlets which project into a mucinous material. 


In the vestibule (utricle and saooule) and in the ampullae of the 
semicircular canals there are certain patches (fig. 451) in the interior 
of the membranous labyrinth over which the somewhat flattened and simple 
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epithelium which elsewhere lines the membranous labyrinth undergoes a 
remarkable modification into columnar cells (fig. 452), each of which is 
terminated by a stiff-looking tapered hair-like process which projects into the 
endolymph which fills the membranous labyrinth. In the utricle and saccule 
these ‘ hairs ' abut against a mucus-like mass containing numerous crystals of 
carbonate of lime (otoliths) ; in the ampulhe of the semicircular canals, where 
the macula takes the form of a crest-like projection into the interior, there are 
no otoliths, but a mucus-like mass is recognisable in the form of the so-called 
cupula. Between the hair-cells are other suslentacular or fibre-cells which 
extend through the thickness of the epithelium and form, at the free surface, a 
kind of cuticular membrane through which the ‘hairs' of the hair-oells project. 
The nerve-fibres are derived from bipolar cells situated in a ganglion of tlu' 
nerve-root (ganglion of Scarpa). The peripheral processes of these cells pass as 
medullated nerve-fibres to the maculao, and here they lose their medullary sheath 
and end in a fibrillar arborescence amongst the hair-cells (fig. 45e3). The central 
processes of the bipolar cells (fig. 448) enter the grey matter of the medulla 



Fia 453.“ENniNo of a nerve-fibue amon(;st the pear-shaped cells of macula. 

Golgi method, (v. Lenhossek.) 

oblongata as fibres of the vestibular division of the eighth nerve and terminate 
in its sensory nuclei.* 

In the cochlea the epithelium, which is modified to receive the endings of the 
auditory nerve-fibres, forms part of the so-called organ of Corti (fig. 455). As in 
the vestibule, the membranous canal or duct of the cochlea, which is triangular 
in section, is lined by flattened epithelium-cells except at one part, the base of 
the triangle, where a fibrous membrane, the basilar niernhrane, stretches across the 
tube of the cochlea from the spiral lamina to the outer wall, and separates the 
endolymph of the duct of the cochlea from the perilymph of the scala tympani. 
The cells which form the organ of Corti rest on this membrane, and are covered by 
a soft pad-like projection from the thickened edge (limbus) of the spiral lamina : 
this projection is the inernbrana texitoria. Beneath its attachment the cells of the 
organ of Corti are continued as a pavement-epithelium over the limbus, and on the 
surface of a thin membrane {membrane of Reissner), which separates tlie endolymph 
of the membranous canal or duct of the cochlea from the perilymph of the 
scala vestibuli, and is stretched between the limbus and the outer wall of the cochlear 

^ See Neurology, p. 147, by Schafer and Symington (Vol. III. Part I, of this work). 
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Fig. 454.— Section through the cochlea of the cat. (Sobotta.) 

dCf duct of cochlea ; scv, scala vestibuli ; scf, scala tyinpaui ; u;, bony w 
(y, organ of Corti on membrana baHilaris; mil, membrane of Reinsner; n, 
cochlear nerve; asp, ganglion 8pirale; str.v., stria vascularis. 


Membra )ia tectoria Outer hair-cell 8 


f/iri^hcur cUL 
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tube. Finally this outer wall is lined internally by^lattened or cubical cells which 
probably serve mainly to secrete the endolymph : at one part {stria vascularis) 
this epithelium of the outer wall is vascular and pigmented. 

The organ of Corti is formed of (1) sense epithelium-cells y the so-called hair- 
cells ; (2) sustentacular cells (rods of Corti and cells of Deiters) ; (3) the 

memhrana tectoria already referred to ; (4) a reticular memhrajie which overlies 
the hair-cells and is connected with the sustentacular cells ; (5) the endings of 
the auditory nerve fibres. 

The hair-cells (fig. 455) form in all four or five rows arranged in two series : 
one series (inner hair-cells) forms a single row near the spiral lamina, and the 
other scries (outer hair-cells) forms three or four rows outside the rods of Corti. 
The hair-cells of the organ of Corti 


are somewhat similar to those of 
the macidie of the vestibule, but the 
auditory hairs are comparatively 
short and stumpy, and are collected 
into a small group at the free surface 
of each hair-cell. The body of the 
hair-cell is columnar, being rounded 
belo\v ; this part, which contains the 
nucleus, is in contact with the t(‘rmi- 
nal arborisations of the nerve-fibres. 

Separating the inner and out(‘r series 
of hair-cells are the rods of Corti y 
which form a double row {inner 
and outer) of highly modified and 
peculiar-shaped cells, standing stiffly 
with an inclination towards one 
another upon the basilar membrane 
and having the reticular membrane 
attached to their free ends (heads). 

Lying between the outer hair-cells are 
the cells of Deiters which also extend 
stiffly from the basilar membrane 
to the reticular membrane, so that 
these stiff structures form a sort of 
framework to uphold and protect the 
more delicate hair-cells and nerve- 
fibres. Beyond the outer hair-cells 
the epithelium of the organ of Corti 
takes the form at first of columnar, 
then of cubical cells, which last 
are continued along the basilar 
membrane to the outer wall of the 

cochlea. The cells which are next to the inner hair-cells also become gradually 
shorter towards the limbus and pass into the ordinary lining cells of the mem- 
branous labyrinth. The reticular membrane is, as its name implies, a netlike 
cuticular thickening which is connected with the free ends of the rods of Corti 
and cells of Deiters, and has apertures through which project the ‘ hairs ^ of the 
hair-cells ; these hairs abut against the under surface of the soft fibrous and pad- 
like tectorial membrane. 

The nerve- fibres of the cochlea are derived from bipolar cells (hg. 456), forming 
a continuous spirally-arranged ganglion (spiral ganglion, ganglion cochlece) at the 



Fl(J. 45(5.— ENl)lN(i Ol' NKHVK-KIJUIKS AMONdST THE 
iiAiH-CELLs OF THE COCHLEA. Golgi prepamiioii. 
(G. lietzius.) 

f/y cell of spiral ganglion ; i.//, inner, oJty outer 
liair-cclls. 
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base of the spiral lamina (fig. 454). They pass through channels in the bony sub- 
stance of the spiral lamina and enter the organ of Corti below the inner hair-cells. 
Home of them end amongst these, others pass across the arch or tunnel formed by 
the rods of Corti, and end amongst the outer hair-cells. In both cases the ending 
is a fibrillar arborescence of the axis-cylinders, the sheaths ceasing on entering the 
organ of Corti. The central axons of the bipolar cells of the spiral ganglion pass 
into channels within the central bony axis {columella) of the cochlea, and from these 
they are collected to form the cochlear division of the auditory nerve, which passes 
along with the vestibular division within the internal auditory meatus to enter the 
lateral aspect of the upper part of the medulla oblongata at its junction with the 
pons (see p. 302, and Neurology, p. 149). 

ZSnding* of the olfactory nerves. — The olfactory organ shows the primitive 
type of ending of spe(;ial-sense nerves in its least altered condition. Here the 
cells which receive the sensory impression and which transmit the consequent 
nervous impulses to the central nervous system arc situated at the periphery 
between the ordinary epithelium-cells of the olfactory mucous membrane. This 
inembrane, which in ju'imates and some other mammals (anosmatics) occupies only 
a comparatively small area at the uppermost part of the nasal passages, is mucli 



B^iu. 457. Cells ok olkai toky mucous 
MEMHUANE. (M. Schultze.) 

1, From tlio froj^ ; 2, from man. 
a, siisteiitacular coll ; olfactory cell ; 
c, its peripheral process ; tf, its nerve-fihre 
process ; c, hairlets. 



Fkl 458. — An olfactohy cell, human. 

(V. Briinn.) 

//, cell-body ; peripheral process ending 
at r in hairlets, U ; nerve-libre process. 


more extensive in most mammals (osmatics), in which a large part of the 
highly convoluted turbinate bones is covered by it. The epithelium of the mem- 
brane consists partly of columnar sustentacular cells (fig. 457, a), branched at the 
fixed end and terminating at the free end by a cuticular margin, partly of special 
olfactory cells (figs. 457 and 458, b) which lie between and are supported by the 
columnar colls, and which at their fixed or central end are continuous, in the form 
of delicate axons, with nerve-fibres (olfactory nerve-fibres). These pierce the cribri- 
form plate of the ethmoid bone and enter the dilated extremity (bulb) of the olfactory 
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lobe. The free or peripheral end of each olfactory cell, i.e. the part which extends 
from the nucleated enlargement towards the surface, is a straight somewhat 
attenuated process which is terminated either by a single short filiform or hair-like 
projection {olfactory hair) or by a bunch of such ‘ hairs/ The nuclei of the 
olfactory cells occur at different levels in the thickness of the epithelium, so that 
the peripheral parts of the cells are of very varying length. The olfactory cells 
have a superficial resemblance to the gustatory cells, but differ from the latter in 
the fact that the central process becomes an actual sensory nerve-fibre which enters 
the central nervous system. Beneath the olfactory epithelium is a thick layer 
of serous glands (glamh of Bowman) wdiich pour out their secretion by ducts which 
open on the surface. 



Fl(l. 4r)l).--DlA(iKAM OF CONNEMON OF OLFACTORY NERVES WITH CELLS IN OLPAC’I’ORY HULB. 

(Schiifer.) 

olf olfactory colls of nasal nuioous membrane ; iK'rve-fibres derived from tboHe 

cells ; r//., olfactory glomornli with synapROK between the olfactory ncrve-libroH, and dendrona 
of the mitral cellR, nor,; o, axons of mitral cells passing into the olfactory tract as nerve-fibres, 
ii.tr . : these libroH give ofT collaterals to the olfactory bulb ; 11' , afferent nerve-fibre, ending in 
olfactory bulb. 

It is clear that the olfactory cells are sensory neurones in the sjinie sense as 
are the sensory cells of the integument of annelids. Their axons, as we have seen, 
enter the olfactory bulb, which is an extension of the brain; within this they 
form synapses with processes (dendrons) of certain of its nerve-cells (mitral 
cells) ^ and these again send their axons by the olfactory tract towards the 
more central portions of the brain (fig. 459). The synapses in question are 
contained within small globular portions of grey matter, termed the olfactory 
glomeruli. The axons of the olfactory cells (fibres of the olfactory nerves) remain 
non-medullated throughout their course, although they possess a delicate nucleated 
sheath. The absence of medullary sheath furnishes an additional indication 
that these neurones have retained more than any other sensory nerve-cells the 
primitive condition. 

Mode of endingr of the visual (optic) nerve-fibres. — The retina or 
nervous tunic of the eyeball, which contains, besides various other kinds of 
nerve-cell, those neurones which receive impressions of light and which transmit 
the consequent nervous impulses towards the brain, is, as the study of its structure 
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and development abundantly shows, an extension, towards the periphery, of the 
lateral wall of the primitive brain (fore-brain). It is itself composed mainly of 
nervous matter, and most of its cells are unmistakable nerve-cells. The retinal 
elements are arranged in four series, viz. : (1) a layer oi pigmented epithelium-cells. 
The protoplasm of these on the inner side, i.e. the side next to the following 
series (rods and cones), is loaded with pigment-granules (fig. 460, a). (2) A layer 

of palisade-like neurones which are termed, from the appearance of their peripheral 


Oittrr or rhoroidal surface. 



Pin. — DiAdUAM OF A HKCTION TUHOUOH TIIK 

UF/riNA, (M. Schultze.) 

a, layer of pi^nient-ct^lls ; 6, rod- and cone-layer; 
c, nuclei of rods and cones ; outer molecular layer; 
c, layer of bij)olars ; /, inner molecular layer ; nerve- 
cell layer; /<, nerve-ttbre layer; vn.f.o, ineinbrana limi- 
tans interna; ni.l.e., inembrana liinitans externa. 



Fill. 461, -A HOD- ANO CONE-ELEMENT 
KHOM THE HUMAN RETINA. (Greoff.) 
Maj^nilied 1,000 diameters. 

o, outer segment; h, inner segment; 
c, rod- or cone-fibre ; r/, rod- or cone- 
nucleus ; c, ending of fibre ; /, ellipsoid ; 
<7, myoid ; //, lino of limitaus externa. 


processes, the rod- and cone-cells (rod- and cone-layer, fig. 460, 6, plus outer nuclear 
layer, c). (3) A layer of small bipolar neurones termed the inner granules (inner 

nuclear layer, e). (4) A layer of comparatively large neurones, the axons of 

which become the axis-cylinder processes of the optic nerves (layer of ganglion- 
cells, f/, plus nerve-fibre layer, li). Between the bipolar and the ganglion-cells 
Livers and also between the bipolar and the rod- and cone-cell layers are the 
so-called molecular layers (d, /), outer and inner. These are mainly composed of 
interlacing arborescent nerve-fibres, which in these layers form synapses between 
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the bipolars and the rod- and cone-cells on the one side and the bipolars and 
ganglion-cells on the other. 

The rod- and cone-cells (fig. 461) are the receptive sensory neurones. They 
are composed of a nucleated body (outer granule), an outer or peripheral process, 
and an axon or nerve-fibre process (central process, rod- or cone-fibre). The 
peripheral process is either rod- or cone-shaped, forming the so-called rod or cone, 
the rods being most numerous except at the central area of the retina (yellow 
spot) : they are imbedded in the pigmented epithelial layer (fig. 400, a), which 
produces during life chemical changes in the rods (formation of visual purple) : 
accompanying these chemical changes the pigmented part of the epithelium-cell 
moves nearer to the bodies of the rod- or cone-cells, or is withdrawn farther from 
them, according to whether light falls upon the retina or not (see p. 1(X)). It is 
probably upon the outer 'part or segment of the rod or cone (which exhibits a special 
structure as if built up of minute superposed discs) that the light-waves impinge 



Fi(i. 102. — Section of retina of muo. Golgi method. (Cajal.) 

A, B,C, spongioblasts or amacrine cells of inner molecular layer; D, bipolars, sending axons 
into inner molecular layer to form synapses, a, h, with dendrons of ganglion-cells (not repre- 
sented), and dendrons sent into outer molecular layer to form synapses with the rod- and 
cone-fibres ; E, a fibre continued beyond the outer molecular layer ; P, G, rod- and cone- 
nuclei; H, I, spongioblasts of outer molecular layer ; J, a fibre of Miiller. 


and set up the excitation which produces the nervous impulses. The inner segment 
of the rod or cone is fibrillated, the fibrils being perhaps neuro-fibrils. The central 
process of the rod- or cone-cells is a nerve-fibre (axon), itself fibrillated, which extends 
towards the bipolars to meet peripherally extending processes (dendrons) from 
those cells in the outer molecular layer ; here the two sets of processes undergo 
synapsis (fig. 463). The bipolars ^ as their name implies, have two processes, one 
just mentioned, passing peripherally into the outer molecular layer, the other 
passing to the inner molecular layer and there forming a synapse with processes 
(dendrons) of the cells of the ganglionic layer (fig. 463) ; some pass through the inner 
molecular layer to^apply themselves to the cell-bodies of the ganglion-cells. The 
cells of the ganglionic layer, much larger in most parts of the retina than the bipolars, 
have also two sets of processes : the one just mentioned forming synapses in 
the inner molecular layer with the axons of the bipolars, the other being a 
single axon from each cell, and forming one of the fibres of the innermost layer 
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the retina (nerve-fibre layer). The fibres of the nerve-fibre layer, which 
the retina itself are non-medullated, become collected at the colliculus (opic 



•1(53.— DiAdUAiM OF THK CONNEXIONS OF 


disc) or entrance of optic nerve (really the 
exit of the nerve-fibres) into a mass of fibres, 
circular in s(^ction. These fibres pierce the 
coats of the eyeball, in a number of bundles 
which receive strong sheaths from its outer- 
most tunic, which also gives a general invest- 
ment for the whole (optic) nerve as it leaves 
the globe of the eye. The fibres are conveyed 
along the optic nerves and optic tracts to the 
optic thalami (lateral geniculate bodies) and 
to the anterior corpora (]uadrigemina, where 
their axons end by arborising amongst the 
nerve-cells there situated. 

The nervous elements proper of the 
retina (nerve-cells and their processes) are 
supported by a framework formed from 
certain cc^lls which appear to be derived 
from the spongioblasts of the embryonic 
nervous system, and are perhaps homologous 
with the ependyma-cells of the adult brain 
and spinal cord (sec p. 203). These cells 
take the form of elongated structures — the 


'rnK ]iK/riNAL Kia;MKNTs. (G. UeUiu».) 

//r./., iunor graiiules ibipolarn) ; 
innleciilar layer ; . 7 , cell of pinj^dionic layer; 
nerve-fibre process passing towards brain. 


fibres ol Miiller (fig. 462, J) — which extend 
from the inner surface of the retina (where 
the base of the cell is represent ( mI by a 



Flo. 4(54.— 8 KCTION OF BETINA OF MAN FASSING THUOUOH CENTllAL FOVEA. 


From a preparation by C. H. Gokling-Bird. Magnified 350 diameters, 

h, c 'lies ; c, cone-libres and -niudei (fibrous layer) ; <?, bipolars; 7 , ganglion-cell layer; 
mJ.t’., liraitans externa; m.l.i. limitana interna. 
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somewhat conical ‘ foot " sometimes ramified), through all the retinal layers, as far 
as the rods and cones. Here the fibres of Muller end in a number of fine short 
fibrils which extend around and probably aid in supporting the inner segments of 
the rods and cones. At the level of the layer of inner granules each Mullerian 
fibre contains a nucleus. 

Modifications of the above described arrangements of the retinal elements are 
met with in the central area (macula lutea and fovea centralis) and in the anterior 
or j^eripheral part, at the pars ciliaris. 

In the central foveu (fig. 464) there are only cone-elements, rods being absent. 
These, however, begin to appear at the edges of the fovea, and soon become more 
numerous than the cones. The latter are much more slender in this part of the 
retina than elsewhere, and the fibres which come off from them run obliquely 
towards the bipolar layer, producing the appearance known as the fibrous layer 
of Henle. 

At tlie ora serrata the retinal layers cease abruptly, at least so far as concerns 
the nervous elements. In front of the ora serrata tlie place of the retina is taken 
by a double epithelial stratum termed the pars ciliaris retime, the cells of the 
inner layer of which are long and columnar, those of the outer layer shorter and 
pigmented. These two layers are continued over and between the ciliary 
processes and on to the back of the iris, but here both strata are formed of 
pigmented cells (see fig. 167, p. 101). 

An account of these modifications and full details regarding the structure of 
the retina and of the sense-organs generally will be found in the part of this work 
which deals with the sense-organs (Vol. III., Part 2). 
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AKRANGEMENT OP NERVOUS ELEMENTS IN THE CEREBRO-SPINAL 

NERVE-CENTRES. 

The cerebro-spinal nerve-centres include the s'pinaVcord (ynedulla s'pinalis), the 
h dh (medulla oblongata), the pons, the cerehelluin, the mid-hrain, and the cerebrum. 
A complete account of the structure of all these parts and of their relation to one 
another is given in the part of this work which deals with Neurology (Vol. III., 
l^irt 1). It will be sufficient to intimate here the main features of structure and 
the general arrangement of cells and fibres which characterise each of these parts. 

In all sections of nerve-centres grey and white matter are distinguishable. 
In the spinal cord the grey matter is found exclusively in the more central parts of 
the section : in the medulla oblongata, pons, and mid-brain it becomes less confined 
to those parts and extends to other portions of the sectional area, so that the 
distinction between the grey and white matter is in many places confused ; in the 
cerebrum and cerebellum a sharp distinction between grey and white matter again 
shows itself, but the larger part of the grey matter lies at the periphery (cerebral and 



Fid. 4(55. Fkom a section op human htinae cord showinu thk superficial 
NEUUOOLIA. {Schiifpr.) 

o, (I, 8uper(ieiiil neuroglia, composed of a foltwork of fibres, witli tlie nuclei of the cell-bodies 
iiit<*rHperHed ainougHt them; h, medullated iierve-fibreH of the white substance, in section, with 
neuroglia between them, c, r* ; c.a, corpora amylacea. 

cerebellar cortex), a smaller portion being found near the centres of those organs, 
while the whole of the intermediate substance is formed of white matter. 

In all parts of the cerebro-spinal centres the white matter is formed of medullated 
nerve-fibres, unprovided with a membranous sheath. The fibres run in definite 
directions in the white substance ; longitudinally for the most part in the spinal 
cord, bulb, pons, and mid-brain, but with many fibres crossing from side to side, 
usually in an arcuate manner ; radially in the cerebrum and cerebellum, where they 
diverge from the so-called peduncles of these organs towards the grey cortex. 
The nerve-fibres are supported by numerous neuroglia-cells and -fibres, which vary 
in arrangement in different parts. In most situations the neuroglia-cells are stellate, 
and give off long slender fibres which penetrate everywhere between the nerve- 
fibres. But near the surface of the cerebrum and cerebellum (%. 315, p. 206), the 
neuroglia-cells and -fibres have a general direction vertical to the surface. And from 
the ependyma-cells of the central canal of the cord and ventricles of the brain fibres 
indistinguishable from neuroglia-fibres are continued for long distances through 
both the grey and white matter : in the embryo these fibres reach the surface 
(fig. 312). In many parts of the nerve-centres there is a thin layer of neuroglia 
formed by a felt work of fibres immediately within the vascular membrane (pia 
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mater) which covers the surface ; this layer may be free from nerve-fibres : it is 
termed the superficial neuroglia (fig. 465). 

The nerve-fibres of the white matter are also in part supported by connective 
tissue, which is prolonged into the centres from the pia mater, accompanying the 
blood-vessels which are supplied from this membrane to the nervous substance, 
but the actual amount of true connective tissue in the nerve-centres is very small. 

From all parts of the white matter where it is adjacent to the grey substance 
fine rnedullated collateral fibres are given off : these pass into the grey substance and 
terminate in arborescences and synapses around its cells. 

Spinal cord (medulla spinalis). — In the spinal cord the grey matter lies 
in the centre (fig. 466). In each lateral half of the cord it forms an irregularly 
crescentic mass — the grey crescent — which approaches the surface at its two horns 
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Fig. 4C0. — Skction of human spinah cord from upper cervical region. (Scliiifer.) 

Photograph. Magnified about 8 diameterH. 

— dorsal and ventral — and which is joined with its fellow of the opposite side by 
a bridge of grey matter in the middle of which is the central canal of the cord. 
The shape and amount of grey matter vary in the different regions. In the 
thoracic region the grey matter is relatively in least amount, corresponding to 
the fact that the nerve-roots which are connected with the thoracic cord are 
relatively small. But in the uppermost segment of the thoracic region and in 
most of the cervical region there is a considerable addition to the grey matter 
of the anterior horn, and the same is found to obtain from the penultimate 
thoracic to the third sacral segment. These additions contain the nerve-cells 
from which the motor nerves of the limb-muscles are derived, and mainly affect 
the ventral horn, but an increase of size occurs also in the dorsal horn and 
body of the crescent in the same regions. 

The nerve-cells in the grey matter appear in transverse sections as if arranged 
in groups (fig. 467) ; in longitudinal sections the groups take the form of elongated 
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cell-columns — not closely packed, but with the cells of the group or column separated 
from one another by intercellular grey matter. Such groups are known as ‘ nuclei/ 
The best marked cell-groups are those of the ventral horn {motor nuclei) ; those of 
the middle part or body of the crescent (middle nucleus) — these have but little 
Nissl substance and are therefore less conspicuous ; those of Clarke's column or 
nucleus^ at the base of the dorsal horn, mesially ; and those of the lateral horn {inter- 
mediate cell-column), lying in a projecting part of the middle of the crescent. 
There are, besides these, nerve-cells, small and large, scattered throughout other 
parts of the grey matter of the dorsal horn, and a large number of small cells in 
the gelatinous substance of Rolando, which forms a cap over the apex of the dorsal 
horn. 

Clarke’s column and the intermediolateral column are only found in the 
thoracic and lumbar portions of the cord. The cells of the first- named give rise 

to fibres wdiich run up the lateral 
column on the same side of the 
cord and end in the cerebellum 
(spino-cerebcllar fibres of tlie tracts 
of Flechsig and Gowers, fig. 469). 
Those of the intermediolateral 
column give origin to fine medul- 
lated fibres which leave the cord 
along with the large motor-fibres 
of the ventral roots and go to 
sympathetic ganglia (pre-ganglionic 
fibres of the sympathetic). The 
dorsal roots are not formed of fibres 
which originate in the cord. They 
have their cells of origin in the 
spinal ganglia (fig. 468). They 
enter the white matter of the dorsal 
columns of the cord close to the 
dorsal horn of grey matter and 
divide into ascending and descend- 
ing branches, besides giving otf 
numerous collaterals. Some of their 
branches pass into the grey matter 
at once, others are continued up 
(and some for a short distance 
down) the cord to end in its grey 
matter ; many are prolonged up to end in the grey matter of the dorsal column 
of the bulb. 

Besides these tracts of nerve-fibres which are derived from Clarke’s column 
and from the dorsal roots, the white matter of the cord contains laterally a large 
bundle of fibres which are derived from cells in the motor region of the opposite 
cerebral hemisphere {crossed 'pyramid tract), and ventrally a certain number of 
fibres — most numerous in the upper part of the cord — which are derived from 
similar cells of the cerebral hemisphere of the same side {direct pyramid tract). 
Ventral to the crossed pyramid tract is another bundle of descending fibres. 
This is derived from the red nucleus in the mid-brain and is known as the rubro- 
spinal tract. In the ventro-lateral part of the white matter a number of fibres 
which arise in the pons and mid-brain run down the length of the cord {ventro- 
lateral descending fibres of the dorsal and ventral longitudinal tracts). All these 
tracts of white fibres send numerous collaterals into the grey matter to ramify 



Fl<}. K)?. — l)lA(JUAM HJIOWINll CELL-OHOUP8 IN GREY 
MATTER OK CORD AND NERVE-TRACTS IN WHITE 
MATTER. (Schiifer.) 

Descending tracts shown on left side : 1, lateral 

pyramid tract ; 2, anterior pyramid tract ; H, antero- 
lateral descending ; Helweg’s tract ; 4, pre-pyra- 
midal (rubrospinal) ; 5, comma ; .9-/R, septo-marginal 
fibres. Ascending tracts shown on right aide : (j, tract of 
Ooll ; 7, tract of Burdach ; 8, tract of Lissauer ; 1), tract 
of Fleclisig ; 10, tract of Gowers; siiperhcial 

postero-lateral fibres. Tlie dots represent endogenous 
fibres, which are confined in their course to the cord 
itself. Cell-groups : o' to a'\ different groups in ventral 
horn ; /, intermedio-lateral group ; jf;, groups of dorsal 
horn ; d, Clarke’s column. 
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amongst its cells. Finally, immediately in contact witli the grey matter in the 
ventro-Iateral regions are many fibres which have originated in cells of the cord 


itself and are passing upwards or down- 
wards to make connexions between 
the segment of the cord from which 
they originate and others above or 
below. These are termed froprio- 
spinal fibres to distinguish them from 
the fibres of longer course wliich have 
either their origin or destination in 
some other part of the nervous system. ‘ 

The spinal cord is closely covered 
externally by a vascular connective-tissue 
membrane which is known as the pia mater. 
Within this the arteries ramify, and from 
them numerous blood-vessels enter tlie white 
substance to supply this and in greater 
measure the grey matter with capillaries. 
Accompanying these entering vessels are 
septa of connective tissue, the largest of 
which passes in along the dorsal median 

Fig. 408 .— DiA(iHAM to show couksk of fibues 

OF DOliSAL BOOTS WITHIN COBD. 

(Scliiifer, modified from Cajal.) 

rt, afferent fibres passing through spinal 
ganglia, f/.s, ; c, efferent fibres arising in cells of 
ventral horn ; g. F., ganglion-cells of fifth cerebral 
nerve; n.c., nucleus cuneatus of medulla oblon- 
gata ; n.g.^ nucleus gracilis ; /, fibres of fillet 
arising from cells of these nuclei ; c, descending 
branches of fifth and spinal nerves, giving off 
collaterals to dorsal horn and to the substantia 
Rolandi, s. lie. 

line, and separates tho two dorsal columns 
of white matter. Along tho ventral median 
line is a deep groove which is lined by a 
continuation of pia mater. 

Outside the pia mater and separated 
from it by a considerable space containing 
cerebro-spinal thud is a delicate non- 
vascular connective-tissue membrane known 
as the arachnoid. The space between it and 
the pia mater, which is bridged across here 
and there by trabeculae of connective tissue, 
is the subaracJinoid space. Outside the 
arachnoid and usually in close contact with 
it, but with a narrow capillary cleft {subdural 
space) between, which may become dis- 
tended by the accumulation of cerebro-spinal 
fluid, is the thick fibrous dura mater. The 
dura mater contains .some blood-vessels, but 
is not as vascular as the pia mater. It is 
not in close contact with tho wall of the 
vertebral canal, but is separated from the g 

* The term endogenous is also employed to 
designate fibres which run up or down the cord 
and take origin in the spinal cord itself; those 
which have their cells of origin outside the cord 
(in the spinal ganglia or in higher parts of the 
central nervous system) being termed exogenous. 
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bone by areolar tissue containinj? a venous plexus, as well as some loose fat. There are 
openings in the dura for the nerve-roots, which receive a sheath from it. The dura mater and 
arachnoid are attached to the pia mater by the denticulations of the longitudinal membrane 



u, dorsal root-fibres; fibres of Flechsig’s tract, passing from cells of Clarke’s column to 
cerebellum by inferior peduncle, // ; c, fibres of Gowers’ tract, passing from cells of Clarke’s 
column, partly to cerebellum, d, partly to corpora quadrigeinina, e, and partly to thalamus, f ; 
r/, fibres continued from cells of thalamus to cortex ceiitri. 

known as the ligamentum denticidatuiriy which runs down the cord on each side. All the 
membranes contain elastic fibres, and their surfaces are covered with endothelium-like cells, 
similar to those of serous membranes. 
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Medulla oblong-ata or spinal bulb. — In the lower part of the medulla 
oblongata the arrangement of the grey matter has undergone a change as 
compared with that of the cord (fig. 470). The central canal is still present 
and surrounded with grey matter, but the motor or efFerent nerve-cells are 
now situated close to the canal. Some of these cells lie ventro-laterally, 
others dorso-laterally, to the section of the canal : they give origin to the 
fibres of the hypoglossal and part of the spinal accessory nerves (fig. 470, N. XL, 
N. XII.). The ventral horn is cut oil from the grey matter by the passage 
of bundles of nerve-fibres from the pyramids of the medulla oblongata to the 
lateral white column of the cord, and the middle part of the crescent is broken 
up into a reticular formation in which white bundles running longitudinally and 
transversely interlock with portions of the grey matter containing nerve-cells 
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of different sizes. And whereas in the spinal cord the dorsal columns arc entirely 
composed of white fibres, in the medulla oblongata grey matter is found to extend 
into them and soon entirely to occupy the columns, the white fibres which are 
prolonged up from the spinal dorsal roots becoming lost and ending in ramifications 
in this grey matter. From its cells, on the other hand, new fibres arise and run as 
arcuate fibres through the reticular formation. They cross the raphe (seam) which 
joins the two lateral halves of the bulb, and, becoming longitudinal on the opposite 
side, run upwards towards the cerebrum, where they ultimately end in the thalamus. 
These fibres, which are joined by others coming from other portions of the grey 
matter of the bulb and pons in which the sensory cerebral nerves end, and probably 
also by fibres derived from cells of the spinal cord, constitute collectively the great 
sensory tract known as the iriain or lower fillet. 
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The apex of the dorsal horn also is cut o£F from the central grey matter in the 
medulla oblongata. It becomes enlarged and approaches the surface, where it 
forms a mass of gelatinous-looking substance known as the tubercle of Rolando. 
This receives the central arborescent terminations of the sensory root of the fifth or 
trigeminal nerve and forms its ‘ nucleus.’ A considerable bundle of fibres of this 
root runs down the miHlulIa oblongata alongside of the tubercle of Rolando, into 
which the fibres send collaterals. Home of the fibres of this descending root of the 
fifth pass into the cervical part of the spinal cord, ending in the gelatinous 
substance of the apex of the dorsal horn. 

The white matter of the medulla oblongata is characterised by the presence 
on each side of its ventral fissure of a prominent mass of longitudinal fibres termed 
the pgrarnid. Its fibres form the pyramid tract already noticed in the cord ; at 
the lower part of the medulla oblongata they cross the middle line obliquely in 
bundles which decussate with bundles from the opposite pyramid to pass to the 
lateral column of the cord as the crossed pyramid tract. The fibres of the pyramid 
which remain uncrossed form the direct pyramid tract of the cord. The spino- 
cerebellar tracts are continued up from the spinal cord in the lateral column of the 
bulb : they separate at its upper end, one portion, the dorsal, passing to the cere- 
bellum by its inferior peduncle ; the other, the ventral, running farther up to 
rcNicii the upper end of the pons and then turning back into the cerebellum along 
its superior peduncle. These arc said by most authors to be distributed to the 
whole of the vermis of the cerebellum of the same side, a few fibres crossing the 
middle line ; but Mott,^ who is corroborated by Mackalty and Horsley, could trace 
them only to the (aqihalic part of the vermis. The descending fibres of the 
antero-lateral column of the cord, which there forms two tracts, are resolved in 
the medulla oblongata into tliree, all of which have a deeper position here than 
in the cord. They are known respectively as the dorsal and ventral longitudinal 
bundles and the bundle of Monakow or rubro-spinal tract. They will be noticed 
again in the mid-brain and pons. 

Tlie central canal in the medulla oblongata gradually approaches its dorsal surface, 
and about tlie middle of its length opens into the lozenge-shaped fourth ventricle 
of the brain (lig. 471). The lower part of the lozenge lies dorsally to the medulla 
oblongata, the upper part dorsally to the pons. The cavity is roofed in by a thin 
layer of ejiendynial epitlielium covered by pia mater ; this membrane invaginates 
the roof on either side with a vascular thickening which forms the choroid plexus 
of the fourth ventricle. The opening out of the central canal throws the grey matter 
which suiTounded it to the side of the middle line : it here forms the grey matter 
of the floor of the fourth ventricle and contains a continuation of the nuclei which gave 
origin below to fibres of the twelfth and eleventh nerves. In this part they still 
give origin to fibres of the twelfth nerve, but the eleventh is replaced by the tenth, or 
vagus, and higher up by the ninth, or glossopharyngeal. Other fibres of these 
nerves take origin from a small motor nucleus which lies in the reticular formation 
and is known as the nucleus ambiguus. 

Still more laterally in the central grey matter than the motor nucleus of the 
ninth nerve there is seen in the uppermost part of the medulla oblongata — extending 
up into the pons — another nucleus which receives part of the eighth or acoustic 
nerve (see p. 303). 

The reticular formation lies in this upper part of the medulla oblongata ventral 
to the grey matter of the floor of the ventricle. In the lateral part of the reticular 
formation the descending root of the fifth nerve and its gelatinous ‘ nucleus ’ is 
still seen, and near it another smaller circular white bundle, also in contact with 


^ Brain, xv. 180*2. 


^ Ibid, xxxii. 1909. 
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a small mass of gelatinous grey substance. This bundle — known as the solitanj 
bundle — is a descending sensory root of the tenth and ninth nerves, and its grey sub- 
stance is their sensory ‘ nucleus ’ : it receives also the pars intermedia of the seventh 
nerve. Most ventral of all, as in the lower part of the bulb so also in this upper part, 
is seen the mass of fibres forming the 'pyramid. Between the pyramid and reticular 
formation another peculiarly shaped mass of grey matter has become developed — 
the nucleus of the olivary body. This appears in sections as a corrugated grey band 
containing numerous small nerve-cells. It is already seen in the lower part of the 
bulb, but is most developed in the upper or ventricular part. It produces an 
olive-shaped prominence — the olive — on the surface of the lateral column. The 
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Fig. 471,— Section across the upper part op the medulla oblongata. (Schlifer.) 


Photograph. Magnified about 0 diameters. 


nucleus is open towards the raphe, and here numerous fibres pass out from its 
interior and, crossing the raphe, can be traced as arcuate filmus into the injerior 
cerehellar peduncle, and so to the cerebellar hemisphere of the opposite side. The 
dorsal spino-cerebellar fibres can also be seen, as already mentioned, to pass into 
this peduncle ; some fibres from the ventral spino-cerebellar bundle also enter it. 


PonB. — The structure of the pons is very similar to that of the uppermost 
part of the mednlla oblongata, with which it is continuous. But the part which 
is continued up from the medulla oblongata is concealed from the ventral aspect 
by a large mass of fibres which have their origin in the ventral part of the pons 
in grey matter {nuclei pontis) situated around and between the longitudinally 
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running bundles into which the pyramids of the medulla oblongata have resolved 
themselves. These ponto-cerebellar fibres decussate in the middle line and course 
over to the opposite side to form the middle peduncle of the cerebellumy in the hemi- 
sphere of which they end. The part of the pons which adjoins the fourth ventricle 
consists of grey matter of the floor of the ventricle ; ventral to this is reticular forma- 
tioriy and within or adjacent to this are certain longitudinally and transversely 
crossing nerve-bundles, which are continuous with tracts above and below. In 
the grey matter of the floor of the fourth ventricle there lies near its lateral angle a 
large-celled nucleus which gives origin to fibres of the motor root of the fifth nerve. 
Other fibres of this root arise from a nucleus of large spherical nerve-cells which 



Fio. 472.— Section across the lowest part of the pons. (Schafer.) 
Magnified about 4 diameters. 


v.lV.y fourth ventricle; c, cerebellum; its corpus dentatum; //, grey matter of 

Hocculus; r./'., restiform body ; 7^, fibres of vestibular nerve; Doiters’ nucleus; K///, root 
of eiglith nerve; VllLdy VIll.v^ its dorsal and ventral nuclei; tr^ trapezium; n.tr.y its 
nucleus; /, fillet; p.Lh.y posterior (dorsal) longitudinal bundle; /.r., formatio reticularis; 
n, n', //", nuclei within it; V.a., descending root of fifth nerve; .s.//., substantia gelatinosa ; 
s.o.y superior olivary nucleus; F//, root of facial nerve; n.VlI.y its nucleus; F7, root-fibres of 
sixth; pify pyramid-bundles ; n.p.y nuclei pontis. 


lie in the central grey matter at the side of the ventricle and can be traced up also 
in its continuation at the side of the Sylvian aqueduct to the mid-brain (accessorij 
motor nucleus). The large sensory root of the fifth enters the side of the pons, pene- 
trating the bundles of the middle cerebellar peduncle. The sensory fibres partly 
end by ramifying in an extensive sensory nucleus of small cells near the motor 
nucleus, partly bend downward to be continued into the medulla oblongata as the 
descending root, the fibres of which terminate in the substantia gelatinosa of 
Rolando. Three other cerebral nerves are connected with the pons. One of these is 
the fourth nerve (see p. 305). Another, the seventh nervcy which has both efferent and 
afferent fibres, arises, as regards its efferent fibres, from a nucleus of medium-sized 
cells which lies in the reticular formation and corresponds in general situation and 
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structure to the nucleus ambiguus of the medulla oblongata which gives origin to 
part of the ninth and tenth. The fibres which arise from these nuclei are similar in 
their course, for they all pass from the nucleus towards the grey matter of the floor 
of the ventricle near the middle line, then run upwards in this for a short distance, 
and finally bend round and pass in a lateral and ventral direction to emerge at the 
side of the pons or bulb. The afferent fibres of the facial (pars intermedia) pass 
into the uppermost end of the solitary bundle (see p. 301), and terminate by 
arborcscence amongst the cells of its attached grey matter. 

Lastly, the fibres of the eighth nerve enter the nerve-centre just at the junction 
of the medulla oblongata and pons in two divisions, vestibular and cochlear. 
The vestibular division enters mesial to the inferior cerebellar peduncle, its fibres 
lose themselves partly in a mass of small-celled grey matter, the main vestibular 
nucleus, partly in a descending nucleus continuous with the main nucleus, which 
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receives fibres from descending bundles of the nerve, and partly in certain large- 
celled nuclei (nucleus of Deiters and nucleus of Bechterew), which lie just below the 
grey matter of the floor of the ventricle : other fibres pass into the cerebellum. 
The cochlear division passes partly laterally to the inferior cerebellar peduncle, 
turning round it to end in a prominence of grey matter (acoustic tubercle, dorsal 
nucleus), which overlies it and extends to the floor of the ventricle ; partly into 
a nucleus immediately ventral to the peduncle (ventral or accessory nucleus). From 
the cells of these nuclei fibres arise which form a tract known as the trapezium, 
passing transversely across the raphe to the opposite side, behind the longitudinal 
pyramid bundles. Its fibres are there connected with various nuclei (superior 
olivary, trapezoid, nucleus of lateral fillet), a description of which will be found in 
the part of this work devoted to Neurology. From these nuclei fibres are con- 
tinued upwards towards the mid-brain (posterior corpora quadrigemina), forming 
the lateral fillet or fillet of Beil, which is visible at the side of the mid-brain. 
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Ventral to the reticular formation of the pons is a flattened mass of white 
fibres which is continued up from the tract of the fillet of the medulla oblongata ; 
this is the lower or main fillet. Its fibres are largely derived from the nuclei of the 
posterior columns of the bulb, having crossed the raphe mainly in the middle and 
lower parts of the medulla oblongata. But this is not the only source of the fibres 
of the main fillet, for they receive accessions from all the sensory nuclei of the pona 
and bulb and probably also from fibres derived from the grey matter of the dorsal 
horn of tlu* spinal cord. The main fillet passes up into the mid-brain, and 
for the most part goes past this to end in the thalamus. 
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Fio. 474. — Section aciiosb uppermost part of pons, Photograph. (Schiifer.) 


On each side of the narrowing upper end of the fourth ventricle are seen in 
sections across the uppermost part of the pons a considerable bundle of white fibres, 
which, when followed downwards, is seen to be traceable out of a wavy nucleus 
(fig. 475 P.d.) of grey matter within the cerebellar hemisphere of the same side. 
This bundle is the superior cerebellar peduncle. Traced forwards it is found to dip 
gradually down until it comes to lie in the reticular formation ventral to the central 
grey matter, and here it is seen in the lower part of the mid-brain to decussate 
with its fellow in the middle line, forming a large round white bundle within 
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the tegmentum after the decussation is complete. Still farther forward — in 
the region of the anterior corpora quadrigemina — the fibres of this bundle lose 
themselves in a rounded mass of grey matter in the tegmentum, which is known 
as the red nucleus or nucleus of the tegmentum (fig. 482, r.n). 

Lastly, above the roof of the ventricle, just below the junction of the pons 
and mid-brain, the two small fourth nerves are seen to come to the surface and to 
intercross over the middle line, each passing to the superior oblique muscle of 
the opposite side. The bundles of this nerve, which arise from the lower end of 
the oculo-motor nucleus of the mid-brain, pass at first a short distance downwards 
in the lateral wall of the narrow part of the fourth ventricle, and are seen in sections 
of the uppermost part of the pons (fig. 474). 
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Fig. 475.— Section through one hemisphere of the cerebellum to show the 
DISTRIBUTION OF ITS GREY AND WHITE MATTER. (Schufor.) Natural sizC. 


In this many of the fibres which have come down to the pons from the cerebral 
cortex terminate ; those which are continued into the pyramids of the medulla 
oblongata give off many collaterals to this grey matter. 

Cerebellum. — The cerebellum belongs anatomically to the part of the central 
nervous system which has just been considered, and its structure may therefore 
be noticed next. It is formed of a median part — the worm — and two lateral hemi- 
spheres, Its surface is corrugated by deep and ramified sulci, with laminae between, 
and is covered by vascular pia mater. A section through it has a ramified 
appearance, which has received the name arbor vitce. Within the pia mater is a con- 
tinuous layer of grey matter, the cortex ^ and within this, in each lamina, a white centre. 
The white centres of the various laminae unite to form a central white mass, much 
larger in the hemispheres than in the worm. Within this central mass, and quite 
near the fourth ventricle, which is covered in dorsally by the cerebellum, are 
certain nuclei of grey matter — viz. in the hemisphere, the wavy nucleus dentatus, 
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already mentioned as giving origin to the fibres of the superior peduncle ; and 
in the worm, on each side, the nucleus tecti, the nucleus glohosus, and the nucleus 
emholiformis. These all contain many small nerve-cells, and probably all receive 
fibres from the cortical grey matter. 

The grey matter of the cortex cerebelli has its nerve-cells arranged to form three 
strata (fig. 476). The middle of these is formed by an incomplete layer of very 
large flask-shaped cells — the cells of Purkinje. These have large, greatly branching 
dendrons extending into the outer stratum, and an axon which extends through 


the inner stratum into the white centre : 



Fio. 47 ( 1 .— Skction of ceiieuellak coutex. 
(Sankey.) 

pill mater; molecular layer; r, cells of 
Purkinje; f/, granule-layer ; e, white centre. 


it gives off collaterals which run back- 
wards into the outer stratum. The inner 
stratum, which lies between Purkinje’s 
cells and the white centre of each lamina, 
is mainly formed of very small nerve- 
cells {granule-layer). These have short 
dendrons with moss-like endings, and 
axons which pass between Purkinje's 
cells into the outer stratum and there 
bifurcate ; here they become fine 
medullated fibres which run parallel to 
the direction of the lamina, and are 
therefore cut across in sections trans- 
verse to the lamina (fig. 477, I.) and 
longitudinally in sections puTallel to 
the direction of the lamina (fig. 477, 
11.). On the other hand the branches 
of the dendrons of Pnrkinje’s cells 
spread out over a considerable area 
across the direction of the lamina, but 
not parallel to it. 

Amongst the granules are some 
larger nerve-cells {cells of Golgiy fig. 479, 
0) with axons ending in numerous 
ramifications near the cell-body, and 
also the moss-like endings of afferent 
nerv^e-flbres, which form synapses with 
the dendrons of the small nerve-cells. 
Other afferent nerve-fibres pass through 
this layer and form synapses with the 
dendritic processes of Purkinje' s cells 
{climhing fibres, fig. 479, cl, /.). 

The outer or molecular layer of the 
cerebellar cortex is largely formed of the 
branching dendrons of Purkinje/s cells 
and of the branches of the axons from 
the granules of the inner stratum. 
But it has in addition certain cells — 


the so-called basket-cells — which have dendrons spreading in the outer layer, but 
whose axons pass to the cell- bo dies of Purkinje's cells and end in basket-like 
synapses around these and around the axons which are continued from them 


(fig. 478). 


The vertical neuroglia-cells in the cerebellar cortex (fig. 479, gP) have already 
been noticed. It also contains neuroglia-cells of the ‘ spider * and ‘ arborescent ^ 
types {gl\ gP) 
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Mld-braln. — The mid-brain (figs. 480, 482) is the direct continuation of the 
pons towards the cerebrum, but the transverse fibres of the middle cerebellar 


I- II. 



Fig. 477 .— Btuuctuuk of cohtex of ckkehellum. Golgi inoihod. (Cajal.) 

I. Section across lamina. II. Section parallel t?o lamina*. 

A, molecular layer ; B, granular layer; C, white centre. 


(ty bodies of cells of Purkinje ; hy one of the granules ; c, dendron of a granule ; tf, axon of 
another granule; c, an axon bifurcating in the molecular layer; //, a granule lying among the 
fibres of the white centre. 




308 


STIU^CTURE OF NERVE-CENTRES 


peduncles which characterise and give its name to the pons have disappeared. The 
pyramid-bundles of the poas are collected in the ventral part of the mid-brain on 
either side of the middle line to form the crusta or j}es pedunculi ; the fourth ventricle 
is narrowed into the small aqueduct, which is surrounded by a continuation of central 
(jrey matter ; below it is a continuation of the reticular formation of the pons, here 
known as the tegmentum ; ventral to this is the main fillet, which is separated 
from the crusta by grey matter containing darkly pigmented nerve-cells — the 



FlU. 471).— DlAtUlAM OK AIUtANOEMKNT OK NEUVE-CELLS AND KlURES IN CEUKHELLAIl C’oRTEX. 

(Kollikor.) 

P, coll of Piirkinjo ; v, its axon, giving off collaterals near cell-body; G, cell of Golgi; 

6, basket-cell ; )/i, /o, small cells of molecular layer; cells of granule-layer; in.f., afferent 
ffbres (moss-fibres) ending in granule-layer ; rl.f., a climbing afferent fibre ending in a synapse 
around tho^dendrons of a Purkinje cell ; <jP, gU", three types of neuroglia-cells. 

substantia nigra ; within the tegmentum is the round bundle of the superior cere- 
bellar peduncle in the lower part of the mid-brain and the red nucleus in the higher 
part ; at the side of the tegmentum is the lateral fillet. Characteristic of this part of 
the brain are four prominent tubercles, two on each side, overlying the dorsal part 
of the central grey matter ; these are the anterior and posterior quadrigeminal 
bodies {anterior and posterior tubercles). The nuclei from which the fibres of the 
third and fourth nerves originate lie in the central grey matter ventral to the 
aqueduct, on each side of the middle line. The fibres of the fourth nerve have 
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been seen in the pons ; those of the third nerve pass ventrally to emerge, for the 
most part on the same side, opposite the situation of the substantia nigra, not far 
from the middle line. A well-marked feature of this part of the brain — seen also 
in the pons — is a longitudinal white bundle which runs on each side, just ventral 
to the central grey matter close to the middle line. This is the dorsal longitudinal 
bundle (figs. 480, 482, f.l,h,) ; its fibres originate from cells in the reticular formation 
of the pons and medulla oblongata (from the cells of Deiters' nucleus amongst 
others), and crossing the raphe divide on the opposite side into ascending and 
descending branches. These either end in or send collaterals to all the motor 
nuclei in succession from the oculo-motor down to the ventral-horn cells of the 



Fio. 480. — Section across the mid-ijrain, through the posterior corpora quadrioemina. 

(Schiifer.) 

median groove; posterior tubercle; central grey matter; n.ITI, iF, oculo- 

motor nucleus; d.F., descending motor root of fifth nerve; /?./.&., posterior or dorsal longitudinal 
bundle; reticular formation of tegmentum; d, d\ decufisating fibres of tracts in tegmen- 

tum; s.c.p., decussation of superior cerebellar peduncles;/., main fillet;/', lateral fillet; 
strJ.f superficial layer of fillet over tubercle ; v.p.y pea pedunculi ; s.n., substantia nigra ; 
(jd.p.y interpeduncular ganglion ; Sy^ aqueduct of Sylvius. 

lower part of the spinal cord. In the cord they form part of the ventro-lateral 
descending fibres, collaterals from which pass freely into the ventral horn. The 
dorsal longitudinal bundle receives an accession of fibres from a nucleus in the 
upper part of the mid-brain close to the uppermost limit of the bundle ; this 
nucleus is known as the nucleus of the dorsal longitudinal bundle. 

Ventral to the dorsal longitudinal bundle in the mid-brain is a less defined 
longitudinal white bundle, known as the ventral longitudinal bundle. Its fibres 
are also traceable down into the ventro-lateral column of the cord, and also com- 
municate with the motor nuclei : they are believed to arise from cells in the opposite 
anterior tubercle of the mid-brain, but the cells from which they originate are not 
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definitely known. Still more deeply placed in the tegmentum is the superior 
cerebellar peduncle, which in sections through the posterior tubercles (fig. 480, s,c.p.) 
may be seen decussating with its fellow of the opposite side, and in sections through 
the anterior tubercles is observed to be continued into the red nucleus (fig. 482, r.w.). 
From the cells of the red nucleus on the other hand fibres arise, which cross the 
raphe again and pass downwards through the pons and bulb, eventually reaching 
the spinal cord, in which they can be traced in its lateral column, vertical to the 
crossed pyramid tract, finally ending in the grey matter of the lateral and ventral 
horas. The bundle which they form is termed the rubrospinal bundle. 

Structure of the corpora quadrigemina. — The substance of the corpora 
quadrigemina proper differs in structure in the two pairs of tubercles, posterior 
and anterior. That of the posterior tubercle (fig. 481) has a central nucleus of grey 
matter with a white layer superficial to it and another between it and the grey 



Fl(i. 481. — AnitANdKMKNT OF CELLS AND FIHUES IN FOSTEKIOR CORPORA QUADRIOEMINA. (Cajal.) 

A, principal nucleuH; B, C, cortical white layer; D, grey matter around aqueduct; 

(/, r, (t, 7, h, fibres of lateral fillet ; e, axonw of cells passing to brachium ; /, fibres of brachium 
ent(»ring cortical la^'or ; y, collaterals of dorsal longitudinal bundle passing to oculo-motor 
nucleus ; /, deep white layer. 


matter of the aqueduct. The cells of the grey nucleus send their axons chiefly 
into the superficial layer. The deeper white layer is largely composed of fibres 
from the lateral or acoustic fillet which end in the nucleus. 

The anterior tubercle shows four layers of cells (fig. 483). Those of the 
superficial layer have for the most part a horizontal arrangement ; those of the 
second a vertical arrangement ; while in the third and fourth the cells are more 
irregularly placed. The substance of the third layer is largely formed, between its 
cells, of fibres derived from the optic tract; these run obliquely towards the siu’face 
and end by ramifying amongst the cells of the more superficial layers. The 
deepest layer contains some afferent fibres from the fillet, but most of its fi.bres 
are efferent, for the axons of many of the cells of the tubercle pass into it. 
Some of these axons are passing to form the ventral longitudinal bundle above 
referred to. 
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Fid. 482 . — SECTION ACROKH THE MID'HllAIN, THUOU(iH THE ANTERIOR CORPORA 
qUADUiGEMiNA. (Scluifer.) 

r.q.((., grey matter of anterior tubercle; meHial geniculate body; c.g.l.y lateral 

geniculate body; tr.ojit., optic tract; glqri.t pineal gland; c.p., poHterior comniisBure ; 
Sy.y aqueduct of Sylvius ; n.ll l.y nucleus of third nerve ; 7/ A, libres of third nerve ; p.l.b.y dorsal 
longitudinal bundle ; /i., upper fillet ; r.H., red nucleus ; pes pedunculi ; posterior 

perforated space. 



Fig. 483 . — Diagram of the arrangement of cells of the anterior corpora 
QUADBIOEMINA. (After Cajal.) 

My median groove; A, superficial white layer; By grey cap; C, optic-fibre layer; D, fillet 
layer; a to Qy types of cells of the several layers; /i, optic nerve-fibres ending in surface 
layers 
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Cerebral hemiephereB. — A section through the grey cortex of the cerebral 
hemispheres shows a less distinct stratification than one through that of the 
cerebellum. The general shape of the cells of the cerebral cortex is conical or 



pyramidal, and they are 
arranged vertically with 
the base towards the white 
centre, and the apex pass- 
ing towards the surface 
(fig. 489). The apex is 

always a dendron ; it 

usually remains un- 
branched for a short dis- 
tance. It then bifurcates, 
and the branches again 
dividing similarly it 

becomes resolved into a 
spreading cluster of twigs, 
which interlace with those 
of other cells in the more 
superficial layers. From 
the body of each pyramidal 
cell other dendrons arise 
and ramify in the neigh- 
bourhood of the cyton. 
The axon arises from the 
base of the cell (sometimes 
from a dendron) and passes 
into the white centre : 
before it does so it gives 
off collaterals to the grey 
matter. In a few cases the 
axon turns up towards the 
superficial layers (cells of 
Martinotti). Certain cells 
are different from those 
described. Some have a 
pencil of dendrons pro- 
ceeding from either end 
of the spindle-shaped cell- 
body (double-hrmh cells). 
Others are variable in shape 
(folymorfhous cells) tend- 
ing to be stellate: some 
of these belong to Golgi's 
second type, with the axon 
ramifying in the neigh- 
bourhood of the cell. The 


Fm. 484. — Types of cells of the cohtex cerebri and their 
ARUANOEMENT. (From L. F. Barker, after Starr, Strong, and 
Learning.) 

f/, 6 , c, horizontal cells of Cajal in superficial layer; d, e, small 
pyramids; /, a medium pyramid; , 7 ,( 7 , largo pyramids ; A*, /n, /», 
cells of Golgi’s second type, with axon ending in grey matter near 
cell-body ; tUy a cell sending its axon towards the surface ; /j, 7 , 
polymorphous cells ; r, r, afferent fibres to cortex from white matter. 


most superficial layer has 
characteristic horizontally 
disposed cells (cells of 
Cajal), In the rest of the 
thickness of the cortex the 
pyramidal cells increase in 
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size in the successive layers reckoned from without in ; small, medium, and large 
pyramids being distinguished and giving their names to the layers in which they 



Fig. 485.— Section of motor cortex (pre- 
central gyrus) of man. Nissl method. 
(Cajal.) 

1 to 6, successive layers of cortex; a, c, 
granules (small nerve-cells) ; 5, large pyra- 
mids ; cZ, a giant ‘ Betz ’ cell. 



Fig. 486. — Section of post-central gyrus 
OF MAN. Nissl method. (Cajal.) 

1, plexiform layer; 2, small pyramids; 8, 
medium pyramids ; 4, large pyramids ; 5, small 
cells (granules) ; 6, 7, deep medium and large 
pyramids ; 8, fusiform and polymoridious cells. 


are found most numerously. Bundles of nerve-fibres are seen passing from the 
white centre into the cortex. Some are efferent and are derived from the axons 
of the cortical cells ; others are afferent and ramify among those cells. 
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In difierent regions of the cortex there is considerable variation in the size, 
form, and arrangement of the cells, the most striking differences being found in the 
motor cortex of the frontal lobe, and in the parts of the cortex concerned with 
reception of sensory impulses. The motor cortex (fig. 485) is characterised by the 



Fl(i. 4S7. — SkCTION of FIKST TKMroUAL (lYlUIS 
OF MAN. Nissl method, (Cajah) 

1, plexiform layer ; ‘2, wiiiall ; 8, medium ; 
4, lar^o pyramids ; 5, granular layer ; (>, deep 
pyramida ; 7, funiform and polymorphous cells. 



Fio. 488. — Section of calcarine (visual) 
CORTEX OF MAN. (Cajal.) 

1, plexiform (molecular la 3 'er); 2, small 
pyramids ; 8, medium pyramids ; 4, large 
stellate cells (characteristic of this part of the 
cortex) ; 5, laj^er of small cells (granules) of 
stellate form ; 8, layer containing pjTamids ; 
6", large pyramids; 7, layer of small cells 
(granules) of pyramid form ; 8, fusiform and 
polymorpnous cells. 


presence of very large ‘ giant ’ cells (Betz), amongst the larger ordinary pyramids : 
they are usually in small groups. They give origin to the fibres of the pyramid- 
tract and undergo Nissl degeneration when these fibres are severed. Most of the 
sensory and percipient parts of the cortex — parietal lobe (fig. 486), temporal lobe 
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(fig. 487), occipital lobe (fig. 488) — are noteworthy by reason of the fact that great 
numbers of small nerve-cells (‘ granules *) are seen forming either one or two strata 
between those formed by the pyramidal cells. This is especially the case in the 
visual and auditory areas of the cortex, and it is amongst these ‘ granules ' that 



Fig. 4H9. — Part of a section of post- 
central GYRUS * OF MAN. Nissl method. 
(Cajal.) 

The section includes some of the large pyra- 
mid-cells, and part of the layer of small nerve 
cells or granules, which exhibit different forms 
as illustrated by a, c, and d. 



Fig. 400. — Hippocampal region op cortex. 

(Cajal.) 

A, B, hippocampal gyrus; C,C, hippocampus ; 
D, dentate gyrus; E, timbria; F, white matter 
of hippocampal gyrus ; C» (in lateral ventricle), 
points to fibres which have crossed from hippo- 
campal region of opposite side; H, fibres of 
corpus callosum cut across ; g, axons of pyramid- 
cells of hippocampal gyrus; afferent fibres 
passing into grey matter of this gyrus; c, others 
passing to hii>pocampus and dentate gyrus; 
d, others at surface passing through and over 
liipi>ocampal gyrus and entering hippocampus ; 
c, fibres cut obliquely; /, fibres of alveus ; g, h, 
pyramid-cells of hipi)ocampu8 sending axons 
into alveus and towards fimbria ; /, /•, collaterals 
entering grey matter ; r, collaterals of afferent 
fibres in alveus. 


most of the afferent fibres to those parts of the cortex end in ramifications, pro- 
ducing one or two well-marked white lines in sections of the grey cortex, which 
are known as the lines of Baillarger {line of Gennari in occipital cortex). The 
olfactory area (hippocampal region) shows peculiarities of structure even more 
marked than those of the other sensory areas (fig. 490). It is on the whole simpler 

^ This region probably subserves tactile sensibility. 
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than the rest, and its pyramid-cells — at least those of the hippocampus proper — 
are in one layer only, as is the case in the whole of the cortex of the lowest 
vertebrata. In the dentate gyrus, which adjoins the hippocampus, all the cells 
areTery small. But in the hippocampal gyrus, which bounds the hippocampus on 
the other side, and also belongs to the olfactory area, the layers of cells are much 
more numerous. This gyrus is characterised by the presence of groups or islets of 
cells in its more superficial layers (fig. 491). The structure of the olfactory bulb 
has already been noticed (fig. 459).^ 



Fio. 491.— 'Section of cortex of hippocampal oyrus, showing the characteristic 

ISLETS OF CELLS NEAR THE SURFACE. (Cajal.) 

A, islet of small cells ; B, islet of large cells; 1, 2, 8, 4, 6, successive layers of the cortex. 

The fibres which arise from the cells of the cerebral cortex and pass into its 
white centre take various directions (fig. 492). Some go as projection-fibres into 
the internal capsule, and from this either into the grey masses of the corpus 
striatum and thalamus, or, passing through the internal capsule, are continued 
down in the crusta of the mid-brain. Some end in the grey matter of that part, 

* A detailed account of the structure of the several areas of the cerebral cortex is sriven in Neurolonv 
(Vol. III. Part I. of this work). 
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others reach the grey matter of the pons and there terminate, and yet others pass 
down the medulla oblongata and spinal cord as the tract of the pyramid. Certain 
fibres of the cerebral cortex pass as association-fibres to other parts of the cortex, 
either of the same hemisphere, or, traversing the great longitudinal fissure in the 
commissure known as the corpus callosumy are distributed as commissural fibres 
to the cortex of the opposite hemisphere. The commissural fibres of the olfactory 
region pass across from one hemisphere to the other in the anterior commissure. 
Corpus striatum and thalamus, — Two large masses of grey matter are situated 
in the white matter of the cerebral hemisphere near its base, and in close relation- 
ship to the lateral and third ventricles. They receive many nerve-fibres from 
the cerebral cortex, and on the other hand the axons of many of their cells pass 
to the cortex. Their cells are arranged in groups or nuclei, the connexions of which 
are as yet very imperfectly understood. The thalamus is undoubtedly a recipient 
of many fibres from afierent or sensory tracts (fig. 493). The bulk of the fibres of 
the upper fillet terminate in it, as do the secondary sensory tracts of the fifth and of 



Fia.^492. — Diagram showing projection-, association-, and commissural fibres arising 

FROM CELLS OF THE CORTEX CEREBRI. (Cajal.) 

A, commissural fibres iu corpus callosum ; B, commissural fibres in anterior commissure ; 
C, corpus striatum ; D, ending of commissural fibres in grey matter of opposite hemisphere ; 
E, hippocampal cortex ; F, G, endings of association -fibres, derived from motor and hippo- 
campal cortex ; II, projection-fibres from cortex and corpus callosum; I, projection-fibres from 
hippocampal cortex; «, 6, c, collaterals. 


other sensory cerebral nerves. It also receives posteriorly (into the lateral geniculate 
body and the adjacent part of the thalamus) many fibres of the optic tract ; and 
into the mesial geniculate body fibres connected with the secondary acoustic tract ; 
while the nucleus of the mamillary body at its base receives fibres of the secondary 
olfactory tract. The nuclei of the thalamus are very numerous ; their cells vary 
greatly in size and characters. 

Below, the thalamus is continued into the hypothalamus , which is a direct anterior 
continuation of the tegmentum of the mid-brain. It contains the superior (anterior) 
end of the red nucleus, besides other nuclei, such as the corpus subthalamicum of 
Luys, peculiar to itself, as well as the continuation cerebral- wards of several of the 
tracts of the tegmentum. 

The corpus striatum is formed of two parts. The part known as the nucleus 
lenticularis is separated from the other, termed the nucleus caudatus, and from 
the optic thalamus, by the flattened mass of white fibres of the internal capsule. 
These are for the most part, as already noticed, fibres which are passing between 
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thft crusta of the mid-brain and the white centre and cortex of the cerebral hemi- 
sphere. In their passage they give off many collaterals to the nuclei on either 
side and also receive additions from those nuclei. Both nuclei of the corpus 
striatum contain many small nerve-cells of Golgi's second type, with their axons 
ending within the nuclei, and others of all sizes — some being large and with widely 
extended dendrons — of Golgi's first type, with the axons passing out from the 
nuclei (fig. 494). Many of the nerve-cells contain a considerable amount of reddish- 
yellow pigment in man. 

The membranes of tbe brain are similar in general structure and arrangement to those 
of similar name of the S|)inal cord. The dura mater of the brain is, however, closely attached to 



Fnc 493 . — Diaobam ok thk connexions of the thalamus with the fibkeh of '|:he 

SENSORY TRACTS AND WITH THE CORTEX CEREBRI. (Cajal.) 

A, chief sensory nucleus ; B, C, accessory (semilunar) nuclei ; D, posterior nucleus ; E, nucleus 
of /ona incerta of hypothalamus; f’, nucleus of mamillary body; G, fibres of upper fillet; 
f, their arhorisatiou in the chief nucleus — collaterals are seen passing to the posterior nucleus ; 
11, fibres of secondary or central tract of fifth nerve, imssing to accessory nuclei and to /.ona 
incerta; I, fibres ending in mamillary body; J, optic chiasma; K, outline of hippocampus; 
R, outline of anterior colliculus of corpora quadrigemina ; S, fibres of optic tract; T, cells of 
cortex, sending axons, a, to end in ramifications, c, in chief nucleus of thalamus; ?>, axons of 
thalamus cells, d, passing to end in cortex cerebri ; V, visual cortex ; /, afferent fibres passing 
from lat('ral geniculate body and thalamus and ending in visual cortex by arborisations in the 
stria of Gennari, g. Tlie arrows indicate the course taken by nerve-impulses. 


the inner surface of the skull, and furnishes it with periosteum. It is split at certain places to 
contain large venous sinuses, which convey blood away from the brain, and it sends between 
the two hemispheres a strong vertical fibrous septum, the jnlx cerebri, whilst between the cere- 
brum and eorobellum a horizontal septum, the tentorium cereheUi, extends, w'hich is attached 
in front to the back of the falx cerebri ; and below the tentorium, projecting do wm wards from 
its posterior border, is another, smaller, vertical septum, betw'cen the hemispheres of the 
cerebellum — the falx ccrebelli. 

The arachnoid membrane of the brain differs from that of the cord in being separated from 
the pia mater only in certain places. At these are considerable spaces, known as the cisternas 
arachnoi dales ; so that in these situations the sub-arachnoid space is wide. But in other parts 
the arachnoid is closely applied to the pia mater, instead of to the dura mater as in the cord, 
and the subdural space is large. In other places it occupies an intermediate position. Between 
it and the pia mater are numerous connective- tissue trabeculae. In the neighbourhood of the 
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Fio. 404.— Cells of corfus striatum. Golgi method. (Cajal.) 

A, D, E, F, cells with axons ramifying near cell-body; B, C, large colls with long axon 
G, an afTerent nerve-fibre ending in the grey matter. 








Fig. 495.— Section op brain and membranes in the region op the superior 
SAGITTAL SINUS. (Key and Retzius.) 

C.C., corpus callosum ; /", falx; s.a., subarachnoid space, with fine connective-tissue trabeculie. 
From the arachnoid fungiform projections (arachnoid villi) are seen projecting into the sub- 
dural space and into the venous sinus. 
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venous sinuses in the dura mater the arachnoid exhibits numerous villus-like outgrowths 
(arachnoid villi, Pacchionian granulations) (fig. 495) which project into the subdural space 
and oven grow, covered with a thin layer of invaginatcd dura mater, into the venous sinuses of 
that membrane. These villi, although closed, appear readily to permit the filtration of cerebro- 
spinal fluid from the subarachnoid space into the subdural space and even into the venous 
sinuses. There are no lymphatic vessels in the central nervous system, and the only other path 
of exit for the corebro-spinal fluid is along the sheaths of the nerve-roots and nerve-trunks, 
which are lamellated, with crevices between the layers, and are continuous with the membranes 
of the brain and cord. 

The encephalic fia mater, which dips into all the sulci between the convolutions of the 
cerebrum and between the laminae of the cerebellum, gives off its blood-vessels directly into the 
cortical grey matter. It is invaginatcd at the side of the brain into the lateral ventricles — 
but docs not project naked into them, for it is covered with ependymal epithelium — and 
similarly over the third ventricle, forming the velum inter posiimn or tela cJioroidea and the 
choroid plexuses of those ventricles. It is also prolonged over the fourth ventricle, forming its 
choroid plexuses (p. 300). These plexuses, which are in all probability concerned with the 
H(^cretion of cerebro-spinal fluid, are composed of close capillary networks, which are covered 
everywhere on the side of the ventricle with a prolongation of its ependymal epithelium, which 
is here of a flattened character and non-ciliated. 



THE VASCULAK SYSTEM: 

INCLUDING THE HEART, BLOOD-VESSELS, AND LYMPH VESSELS. 


By professor GUSTAV MAXN. 


The vascular system, or circulatory system, consists of the heart and blood- 
vessels, which are lined by specially modilied connective-tissue cells, mesodermal 
in origin, which form the endothelium. Vessels are classified itito arteries, which 
come from the heart and are on their way to the tissues ; ea pillaries, consisting of 
only a single layer of endothelium and in close contact with the tissue elements, 
which they nourish ; and rcias, by which the blood returns to the heart. From tlie 
veins are developed secondarily tlie h/mph~resseJs, as is more fully descril)ed later. 

THE HEART. 

Originally a single tube, the heart forms in the higher vertebrates an organ 
consisting of twa) auricles or atria and two ventricles, each of w liicli has definite histo- 
logical features. The lieart is surrounded by a special serous cavity, the pericardial 
space, which is an enlarged lymph-spac(^ and is lined by a singh‘ layer of endothelial 
cells. The serous membrane is refiected over tlu? heart and becomes so firmly 
attached to the outer surface of the latter as to seem to belong to it ; it is called the 
epicardiurn (visceral pericardium). The bulk of the heart consists of muscle, calhid 
the myocardium] while its interior is lined, as already mentioned, by a single 
layer of endothelial cells belonging to the endocardium or membrane lining the 
cavities of the heart, continuous with the intima of the vessels springing from it. 

Bploardlum. — The epicardium (fig. 496) varies greatly in thickness according 
to position, being more developed along the course of the large coronary vessels, in 
wrhich situation the adipose tissue also is especially abundant. Choosing a thin 



Pk;. 496. — Epicardiu.m over left ventricle. (Mann.) 

a, superficial emlothelium ; b, clastic fibres; from a to b tunica externa v. superficialis ; 
c, tunica media, consisting of coarse tendinous bundles with a few elastic fibres; tunica 
profunda; <?, blood-vessels, and /, fat-cells in the tunica profunda, which at g is continuous 
with the connective tissue of the myocardium, i. A small nerve, h, is seen in the tunica 
media. 

part over the left ventricle w^e find externally a single layer of endothelium, and 
next to it a not very sharply defined layer of connective tissue ; these form together 
the tunica externa. Between this layer and tlie tunica media, which contains small 
blood-capillaries, lymph-vessels, and nerves, is an ill-defined strand of elastic 
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fibres. The tunica pnjfunda of the epicardium contains larger blood-vessels and 
fat-cells, and is continuous with the connective tissue found in the myocardium. 

Myocardium. — The structure of heart-muscle has already been discussed 
(pp. 197 to 202). The arrangement of the fibres is complicated, passing, as they do, 
in different layers, obliquely, transversely, or vertically, and terminating in the 
filirous tissue forming th('> annular rings at the base of the ventricles, and in the 
chorda? tendinea‘ of the papillary muscles. Many fibres are common to the two 
sides of the heart, passing across tin? median septum between the auricles and that 
between tin; ventricles. But on the other hand, at least in mammals, the fibres 
of the auricles are not continued into those of the ventricles except in the case 
of one small bundh; — the auriculo-ventricular bundle ’ — although such continuity 
is extcMisive in lower vertebrates.*^ 


Tlio bundlo in c[uestion coiirti.stH of fibres which are more embryonic (less diflorontiatcd) than 
the cardiac fibres generally. They arc gathered from various parts of the right auricle and 
auricular septum, hut mainly from near tho ontraneo of the coronary sinus, and becoming parallel 
run forwards into a nodular mass of plexiforin structure (node of Tawara) which lies in tho inter- 
auricular septum close to tho srsptuui fibrosurn hetwocm auricles and ventricles. From this node 
tho bundle passes downwards through tho septum tihiosum to the upper part of the ventricular 
septum and divides into two branches which are distributed to tho two ventricles, spreading out 
as they pass to their destination under tho endocardium. In tho sheep they are continuous with 
tho fibres of i’urkinjc (Tawara). 

Another plexiform mass of similar fibres lies in the wall of tho right auricle close to the 
entrance of the superior cava (Keith and Flack). It is here that the cardiac contractions ])rohal)ly 
originate. It is richly supplied with nerve-fibros from both vagus and sympathetic. 


endocardium. — The endocardium (figs. 497, 498) 
the whoh? of the Jiuriciilar and ventricular cavities, 


a 

6 • 
c 





/7 







Fio. 4f)7. ~ FiNDocAiimiTM ok hioht AiTurcLK. (Maun.) 

endothelial lining of tunica iiitiiiia ; />, Avhito fibrous tissue 
of tunica intiina ; c, elastic layer composcnl of very fine elastic 
fibres ami ineinhraiies, eollectively resembling the internal elastic 
lamina of medimn-si/.ed blood-vessels; </, tunica media with 
coarH(>r bundles of white fibrous tissue than in tho intiina, w’ith 
very h'W elastic fihit's; r, outer elastic lamina ; /, tunica adven- 
titia, containing many coarse clastic fibres arranged in a definite 
layer around tlu* mnselc-hundles, 7; /t, perimysium internum. 


forms a complete lining to 
CO V (‘ring the valves, chordie 
tendinea', and papillary 
muscles. It may be com- 
pared to th(‘ wall of a 
vessel, such as the aorta, 
hut with the additional 
development outside it of 
a muscular portion, tlie 
myocardium. It show s in 
some regions a division 
into three tunics - tunica 
intiina, media, and adven- 
titia. The iutima is 
bounded on the side next 
tlie blood by a single layer 
of endothelial cells, which 
are much more isodiametric 
than are the corresponding 
cells ill the blood-vessels, 
but a slight elongation 
may always be made out. 
The outlines of these cells 


are readily revealed by silver nitrate. Immediately external to the endothelimn 
is a fine layer of delicate connective tissue, which abuts on the tunica media. Tho 

* Stanley Kent, Jourii. Fliysiol. xiv. 1803; W. Ilia, juu. Arheitcn aiis cl. med. Klin, zii Leipzig, 
1803; also in Wii'iu'r klinisclie Bliitter, 1804; Retzer, Arch. f. Anal, 1004 ; Briiunig, Arch. f. Physiol. 
1004 (Snppl.) ; Tawara, Zentr. f. Physiol, xix. 1003, and Das Rei/.leitungssystem des Siiugethierherzens, 
1000; Keith and Flack, Jonni. Anal, and Physicil. xli. 1007; Wcnckebacdi. Arch. f. Physiol. 1007; 
Wilson, Proc. Roy. Soc. Ixxxi.B, 1000; Aschoff, Deutsche med. Wochensch. Nov. 1000; Cohn and 
Trendelenburg, Pflivger’s Arch, cxxxi. 1010. 

^ Gaskell, Journ. of Physiol, v. 43. 
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tunica media contains elastic fibres which in parts somewhat resemble the elastic 
membranes found in the aorta (fig. 497, c). This description holds good especially 
for the auricular wall close to the auriculo- ventricular orifice, while on the ventricular 
side of this opening the elastic membranes are grouped so closely together as to 
give rise to an appearance resembling the internal elastics lamina of medium-sized 
blood-vessels. The tunica media contains in places scattered bundles of non-striped 
muscle, as first pointed out by Schweigger-Seidel. Outside the tunica media lies 



Fk;. 408. -Endocardu-m of KHinr vkntriclf. coveuincj one of i’mk miisci.e columns. (iMaiiii.) 
endotliolial liiiiiif' ; h, conibinod tunica media and adventitia ; c, myocardium. 


the tunica adventitia, in which the clastic fibres are much coarser than in the 
media, a feature which reminds one of tlvat seen in many vessels. Here also 
adipose tissue is frequently found. Tlie amount of development of the endocar- 
dium is in inverse proportion to that of the myocardium, for in the right auricle 
the endocardium is four to five times thicker than in the left ventricle (v. Ebner) ; 
it is vtuy thin over the musculi pectinati of both auricles and ventricles (fig. 498). 
Externally the endocardium is continued into the scanty connectivc-tissu(' 
framework of the myocardium, the so-called perimysium internum (fig. 497, li ) ; 



Ficf. 499. — Diagram of section of mitral vai.ve, young nkgrkss (Mann.) 

1. Muscular portion. 2. Tendinous portion. 

G, ventricular endocardium, thick over tin; muscular, and thin over the tendinous portion, 
except at a\ where the tunica adventitia contains many elasth* lihres ; h, myocardium ; r, deep 
ndipo.se portion of the endocardium, <1, of the auricular surface ; e, liundles of non-striped 
muscle in the tunica media; /, auricular frinj^e ; f/, free edge of the valve; //, tendinous 
cord ; /, constrictor of the auriculo- ventricular opening composed of non-striped muscle (see 
fig. 500). 

over the papillary muscles and the tendinous cords it is not only very thin but 
contains a relatively small amount of elastic tissue. On the auriculo-ventriciilaT* 
valves the endocardium is thicker on the auricular side, while on the semilunar 
valves it is thicker on the ventricular side (v. Ebner). 

The auriculo-ventricular valves (fig. 499), in addition to being lined on both 
sides by endocardium, contain a middle lamella of connective tissue formed by 
the tunica adventitia of the auricular endocardium and by the terminations of the 
chordae tendinese. The elastic fibres are most abundant in the tunica adventitia 
on the ventricular side ; on the auricular surface are one or two elastic lamin® close 
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to the endotliclium. The greater part of the valve contains no elastic fibres. At 
the base of the tendinous portion (fig. 499, a, and fig. 500, h) is a mass of non- 
striped muscle, which may act as a constrictor of the orifice. The valves are 
joined to the wall of the heart by strands of connective tissue coming from the 



Fio. TjCO.-ThK HK(iION i OF THE l‘UEV 10 U^^ KKlUHE MOUE HIOHLY MAOMFIED. (Mailll.) 

o, oudothelial linirif^ of iho tunica intima; 6, tunica media containing bundles of non- 
striped muHcle cut trauHversely ; c, part of tunica adventitia containing coarse elastic libres. 


ostia venosa ; they contain a few blood-capillaries. The semilunar valves are 
thinner than the auriculo- ventricular valves, and contain at tlieir base bundles of 
muscle continuous with tin*, myocardium of the auri(;les ; they are suppli(‘d with 
blood-vessels as far as these strands of muscle extend.' The aortic valves (lig. 501) 

a,r(^ elastic on the ventri(‘ular and tendinous on 
the aortic surface. Tli(‘ elastic tissin^ of the heart 
has been especially studied by Seipp.- 

Blood-vesselB and lymphatics. — The 
circulatory systems of the lieart arc re])resented 
by the blood-vessels, the lymph-vessels, and the 
paths along which tissiu'-lympli travels. The 
blood - vessels jire derived from the coronary 
vessels, and are characterised by soon losing tluhr 
adventitious coats and then forming a, ])lexus of 
capillaries running parallel to the long axis of the 
columns of muscle-elements. Eacli column is in 
contact with two or three (aipillaries and with as 
many lymph-capillaries (fig. 502). The veins 
arising from the capillaries retain for a long time 
the structure of cai^illaries, being, even in vessels 
measuring 0*25 mm., composed of a layer of 
endothelium only. 

The If/mph-vessels of the heart form two 
superficial plexuses, one under the visceral peri- 
cardium, and the other beneath the endocardium. 
The older histologists (Ilenle, Schweigger-Seidel) 
believed the lymph-vessels of the myocardium to 
be so numerous as to (‘onvert the latter into a 
‘ lymphatic sponge ’ ; all the clefts which one sees 
in sections were believed to represent lymph- 
vessels. Salvioli demonstrated by injection the 
existence of true lymph-vessels in the myocardium 
which are in continuity with those of the peri- and endo-cardium. Bizzozero and 
Salvioli found a large-meshed system of lymph-vessels in the connective tissue at the 
base, which open into the lymph-glands between the pleura and pericardium. The 
visceral pericardium, although considerably thinner than the parietal pericardium, 



FllJ. 501. — liONOITUDlNAE SECTION 

OF HOMAN AORTIC VALVE, AHOUT 

ITS MIDDLE. (Mann.) 

1. Ventricular (elastic) moiety. 

2. Aortic (tendinous) moiety. 

o, tunica intima of enclocartlium ; 
5, elastie lamina; c, white fibrous 
tissue with large admixture of olas- 
tie tissue ; d, junction of loose ven- 
tricular with dense aortic tissue; 
e, compaet white tibrous tissue with 
very delicate elastic fibres arranged 
round the bundles; /, delicate elastic 
lamina immediately underneath the 
layer of endothelium on the aortic 
surface. 


• Oehl (Mein. d. aecad. d. sci. di Torino, xx. 1861) has described muscle-bundles, having a certain 
resemblance to muscle-spindles, in the longer of the chorda* toiidinero of the left auriculo- ventricular 
valves. 

* Anat. Hefto, vi. 1896. Seipp finds elastic fibres most abundant in the myocardium of auricles and 

-endocardium of ventricles. ^ Bock, Anat. Anzeiger, xxvii. 1905. 
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Fig. 502. — Skction of :\iy()Cari)ium with ulood-vkssels 
(hkd), and lymphatic vf.shelh (blue) injected. 
(Bock.) 


contains a far more complex lymphatic system. The superficial plexus lies 
close under the endothelial membrane, being separated from the latter by 
only a few connective-tissue bundles; it is close-meshcd and composed of fine 
lymph-vessels, and by short branches is in free communication with a second more 
deeply placed network built up of much larger vessels. The whole of the endo- 
cardium is also very rich in lymphatics; thnt of the papillary muscles especially so. 
There are more lymphatics in the 
ventricles than in the auricles, ^ ^ 

and those of the latter extend 
even as far as the middle of the 
atrioventricular valves. 

B y i n j ec ti ng 1 i V i n g 1 1 e arts , an d 
allowing the heart to distribute' 
the injt'ction-mass by its own 
activity, Albrecht (quoted by 
Bock) showed that lymph-vessels 
pass from the interfascicular con- 
uectiv('-t issue', lympliatics to the 
intervals between the muscle- 

cells, where they form inter- 1 

muscular capillaries ; and Bock — ^ 

by first kneading tin* warm heart t'le. 502.— Section of myocardium with hlood-vkssels 
. I 1- ' i n (hkd), and lymphatic vessels (blue) 1N.)ECTED. 

in normal saline to remove all (Bock.) 

blood, then injecting the blood- 
vessels with carmine-gelatine through the coronary arteries, and finally filling 
the lymph-vessels from near the apex of tlie heart by means of puncture with 
Prussian blue — proved that lymph-vessels form as complete a plexus as do the 
blood-capillaries. Blood- and lymph-capillaries lie usually very close together in the 
interstices lietween the muscle-cells (fig. 502), running parallel with one another and 
occupying tlie spaces between neighbouring heart-(‘(*lls, so that each capillary comes 
in close relation with several cell-units of heart-muscle, and each cell-unit with 

several capillaries. The 
lymphatics of the heart are 
j closed vessels lined through- 

j out by endothelium. This 

1 is denied by Nystrom,^ but 

Golgi’s method, which he 
employed, will occasionally 
\ be found to have impreg- 
nated the whole of the 
lymph, whether contained in 
Fig. 503.— Seution of musculature of rui’s heart. definite lymph - vessels or 

Golgi method. (Nystriini.) j-i.-ri.i-. , . 

distributed m tissue clefts. 

Tlie preparation shows intermuscular clefts connected with M f - /n rAQ\ 

canalicnli which appear to lead from the interior of the muscle- iN ystroni ^ng. OUo) tlgurcs 

intracellular channels re- 
sembling those found in 
nerve-cells or liver-cells ; this he interprets to indicate that each muscle-cell may 
have developed special intracellular channels for the ready interchange of fluids 
and substances in solution. 

Nerves. — Three distinct systems are to be distinguished in the heart — namely, 

(1) efierent nerves which terminate in the cardiac ganglia or in the myocardium, 

(2) nerves which arise in the heart and pass to the cord, and (3) a sympathetic 

> Arch. f. Anat. u. Physiol. Anat. Abtheil. 1897, p. 361. 


Fig. 503. — Seution of musculature of pig’s heart. 
Golgi method. (Nystriini.) 

The preparation shows intermuscular clefts connected with 
canalicnli which appear to lead from the interior of the rnnsclc- 
fibres. 
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ganglionic system. The sympathetic ganglion-cells were discovered by Remak in 
the heart of the calf in 1844 ; the distribution of the nerve-fibres has been recently 
studied by Dogiel,* Smirnow,^ Valedinsky,^ and Michailow.^ 

Afferent nerves run along the connective-tissue strands of the heart, and are 
especially abundant under the intima of the endocardium. A subendocardial 



Fig. 604.— Termination op sensory nerves in heart, (Dogiel.) 


nerve-plexus lies next to the myocardium, and consists of bundles of fibres from which 
spring finer trunks containing one to four medullated or non-medullated fibres 
(usually the latter), which run towards the intima and there give rise to an endo- 
cardial nerve-plexus. This latter has many of its fibres in direct contact with the 

endothelial cells of the intima, and spreads into the 
auriculo-ventricular valves, being especially abundant 
where the septum passes into the atrium. From 
the subendocardial plexus arise medullated fibres, 
which terminate at different levels of the endocar- 
dium in special sensory plates after having given 
rise to numerous terminal non-medullated nerves. 
The sensory end-plates (fig. 504) are most abundant in 
the endocardium of the auricles and the auricular sep- 
tum, but also occur in less complicated forms in the 
endocardium of the ventricles and in the ventricular 
septum. Special sensory nerve-terminations are also 
found in the chorda) tendinese, while the semilunar 
valves do not possess sensory end-plates, but only 
fine fibres (Smirnow). The epicardium also is richly 
supplied with special end-plates (Dogiel), each of 
which according to its size may show three to sixteen 
nuclei which belong to peculiar star-shaped cells, 
characterised by a small amount of protoplasm, imbedded in which are fine 
granules. These specialised connective-tissue cells form the supporting framework 
of the end-plate (fig, 505). All the nerves in the epicardium are derived from 



Fio. 605. — End-plate with 

STEl-LATE CELLS IN SENSORY 
ENDINGS OF HEART. (Dogiel.) 


^ Arch. f. mikr. Anat. liii. 1899. 


Anat. Hefte, xxvii. 1904-5. 
‘ Anat. Anz. xxxii. 1908. 


‘ Ibid. 
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medullated nerves, and the number of end-plates amounts to from about 


100 to 300 per sq. em., showing that the heart 
afferent nerves as is the most sensitive skin- 
surface. 

The endings of the efferent nerves were first 
observed by Gerlach ^ in the frog, by the use of 
the gold method. In the interauricular septum 
they form a complete plexus from which fine 
fibres go to individual columns of muscle-fibres, 
and there end after having divided several 
times on the surface of the columns. Smirnow,*^ 
working with the methylene-blue method, 
found the nerve-terminations in fishes, amphi- 


is supplied as abundantly with 



Fio. 600.— Exdinos op nerve-fibres 

IN CARDIAC MUSCLE. (Smimow.) 



Fio. 607.— Two nerve-cells from below the epicardium of the middle third of the 

LEFT VENTRICLE OF A NEW-BORN CHILD. (SmimoW.) 



Fio. 508. — Group of nerve-cells, connected with 

BRANCHES OF A MEDULLATED NERVE-FIBRE, FROM 
THE OUTER PART OF THE MYOCARDIUM OF THE 
MIDDLE THIRD OF THE LEFT VENTRICLE OP A 
RABBIT. (Smirnow.) 


bians, and reptiles to be distributed over 
the greater portion of the ‘ muscle-cell,’ 
while in mammals the final branch is re- 
stricted to a comparatively small portion 
of the cell (fig. 506). 

Gangrlia. — ^According to Schwartz,*^ the 
rat's heart shows four to five groups of 
ganglion-cells lying under the epicardium 
on the posterior wall of the auricles, more 
to the left than the right side of the inter- 
auricular septum. A similar description 
has been given for man by Eisenlohr, Ott, 
and W. His, jun.‘ 



Fio. 609.— Nerves ending in heart 
GANGLION. (Dogiel.) 


‘ Virchow’s Arch. Ixvi. 1876. ^ Anat. Anzeiger, xviii. 1900. 

5 Arch. f. mikr. Anat. liii. 1899. 

* Eisenlohr, Uber d. Ganglieiizellen und Nerven d. menschlichen Herzens, Dissertation, Miinchen, 
1886; Ott, Prager mediziniache Wochenschrift, 188.5; and W. His, jun., ‘Die Entwickelung d. Herz- 
nervensyatems bei Wirbeltiereu,’ Abh. d. math.-phyaik. Kl. d. K. Siichs. Gesell. d. Wissensch. 1898. 
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On the otiii i IjidkI, Valedinsky and Smirnow describe ganglion-cells along the 
course of the nerves down to the very apex of the heart (figs. 507 and 508). 
Valedinsky also found ganglion-cells to be present in the middle third of the ven- 
tricular septum. Dogiel finds numerous ganglia in the subpericardium of the 
auricles, while in the subpericardium of the ventricles ganglion-cells are rare. 

These ganglion-cells, according to Dogiel, are connected with two distinct types 
of nerve-terminations. Those of the first type, derived from other ganglia, 
terminate by forming plexuses around both the nerve-cells and their processes, 



Fio. 510.— Ending of nerves in heart gangdia. (Dogiel.) 

On the right is sliown the terminal arboresccnce of a nerve-fibre ; on the left a group of 
ganglion-cellH belonging to type ‘2 of Dogiel’s sympathetic cells. 


but without the nerve-fibres piercing the capsule of the ganglion-ccll (fig. 509). 
The second class of nerve-terminations is spinal-ganglionic in origin. These 
nerve-fibres are always medullated, but now and then lose their medullary sheath 
between two nodes of Eanvier. Each fibre supplies several ganglia, giving oft* two 
to three branches, which after repeated division pierce the capsule of the ganglion- 
cells and come thus to lie in direct contact with the cell-body, forming true 
pericellular nets (fig. 510). 

From the small-celled type of ganglion-cclls, which are most numerous, fine 
non- medullated nerve -fibres pass into the myocardium. Other cells serve by their 
processes fo bring about communications with neighbouring ganglia. 


BLOOD-VESSELS, 

ARTERIES. 

These vessels were originally supposed to contain air. This error, which had 
long prevailed in the schools of medicine, was refuted by Galen, who showed that 
the vessels called arteries, though for the most part found empty after death, 
really contain blood in the living body. 

The total capacity of the blood-vessels is equal to holding from four to five 
times the amount of blood normally present, if we judge by the amount of 
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carmine-gelatiiie required to distend tlie blood-vessels until the finest capillaries 
are of such a diameter as to allow of the easy passage of red blood-corpuscles. 

Mode of distribution. — The arteries usually occupy protected situations ; 
thus, after coming out of the great visceral cavities of the body, they run along 
the limbs for the most part on the adductor side, so that when the limbs are 
flexed, all the main vessels are out of harm’s way. 

As they proceed in their course the arteries divide into branches ; the division 
may take place in different modes. An artery may at once resolve itself into two 
or more branches, no one of which greatly exceeds the rest in magnitude, or it 
may give off several branches in succession and still maintain its character as a 
trunk. The branches come off at different angles, most commonly so as to form 
an acute angle with the further part of the trunk, but sometimes a right or an 
obtuse angle, of which there are examples in the origin of the intercostal arteries, 
and in the distribution of the vessels supplying the two muscular coats of the 
alimentary canal. 

An artery, after a branch has gone off from it, is smaller than before, but usually 
continues uniform in diameter or cylindrical until the next secession ; thus it was 
found by Hunter that the long carotid artery of the camel does not diminish in 
calibi*e throughout its length. A branch of an artery is less than the trunk from 
which it springs, but the combiiu'd area of the transverse sections or the collective 
capacity of all the branches into which an artery divides, is greater than the 
calibre of the parent vessel immediately above the p(unt of division. The increase 
in the joint capacity of the branches over that of the trunk is not in the same 
proportion in every instance of division, and there is at least one case known in 
which there is no enlargement, namely, the division of the aorta into the common 
iliac and sacral arteries ; still, notwithstanding this and other possible exceptions, 
as a general rule an enlargement of area takes place. From this it is plain that, 
since the area of the arterial system increases as its vessels divide, the capacity 
of the smallest vessels and capillaries will be greatest ; and, as the same rule 
a])plies to the veins, it follow’s that the arterial and venous systems may be 
represented, as regards capacity, by tw'o cones w’hose apices (truncated it is true) 
are at the heart, and wiiose bases are united in the cajullary system. 'Fhe effect 
of this must be to make the blood move more slow'ly as it advances along the 
arteries to the capillaries, like the current of a river when it flow%s in a larger 
channel, and to accelerate its speed as it returns from the caqnllaries to the venous 
trunks. 

When arteries unite they are said to anastomose or inosculate. Anastomoses 
may occur in arteries of considerable size, as those at the base of the brain, those 
of the hand and foot, and the mesentery, but they are much more frequent in the 
smaller vessels. Such inosculations admit of a free communication between the 
currents of blood, and must tend to equalise distribution and pressure, and to 
obviate the effects of local interruption. 

Arteries commonly pursue a more or less straight course, but in some parts they 
are tortuous. Examples of this in the human body are afforded by the arteries 
of the lips and of the uterus, but more striking instances may be seen in some of the 
lower animals, as in the well-known case of the long and tortuous spermatic arteries 
of the ram and the bull. In the peculiar arrangement of vessels named a ‘ rete 
mirabile ’ an artery suddenly divides into small anastomosing branches, which 
latter unite again to form one vessel. Of such retia mirahUia there are many 
examples in the lower animals, but the purpose which they serve is not always 
apparent. The best known instances are : the tele inirahile of Galen, which is 
formed by the intracranial part of the internal carotid artery of the sheep and 
several other quadrupeds, and the glomerular plexuses in the kidney. 
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Arteries possess considerable strength and a very high degree of elasticity, 
being extensible and retractile both in their length and their width. When cut 
across they present, although empty, an open orifice ; the veins, on the other 
hand, if empty, collapse, unless when prevented by adhesions to surrounding rigid 
parts. 

Structure. — In most parts of the body the arteries are inclosed in a sheath 
formed of connective tissue, which in its turn is continuous with the connective 
tissue of the neighbouring structures. The outer coat of arteries is connected to 
the sheath by filaments of the same tissue, but so loosely that, when the vessel is 
cut across, its ends readily shrink some way within the sheath. Some arteries 
lack sheaths, those for example which are situated within the cavity of the cranium. 

Independently of this sheath, arteries (except those of minute size whose 
structure will be noticed afterwards) have been usually described as formed of 
three coats, named, from their relative position, internal, middle, and external 
(fig. 511, in section) ; and as this nomenclature is generally followed in medical 
and surgical works, and also correctly applies to the structure of arteries so far as 
it is discernible by the naked eye, it seems best to adhere to it as the basis of our 

description ; although it will 
be seen, as we proceed, that 
some of these coats are found 
on microscopic examination 
to consist of two or more 
strata differing from each 
other in texture, and therefore 
reckoned as so many distinct 
coats by some authorities. 

The structure of arteries 
of the same size varies very 
considerably according to the 
situation they are taken from, 
and this holds good especi- 
ally for the smaller branches, 
and particularly as to the 
condition of the elastic tunics. 
On this account, after a 
general description of large and medium-sized arteries and veins, the special 
features of particular blood-vessels will be dealt with. In comparing vessels of 
different individuals due regard must be paid to sex, for in females the vessels are 
always smaller ; and also to age, for with advancing years the vessels undergo 
definite changes. The last point to be kept in mind is the development of the 
vessels up to the time of maturity, for during this period what are ultimately large 
arteries pass through all the stages which subsequently, in the adult animal, 
are characteristic of the medium-sized and the small arteries. For descriptive 
purposes it is best to commence with the medium-sized arteries. 

Kedlum-alzed arteries. — Typical examples of these are the lingual, the 
tibial, and the renal arteries. 

If arteries be fixed by injecting the fixing fluid under normal pressure through 
the aorta, transverse sections of the vessels will show a smooth inner surface ; 
with the exception of the renal vessels, in which the elastic coat is especially 
developed. In fig. 512 is represented a transverse section of the renal artery of a 
dog. In this from within outwards will be seen firstly a dark sinuous line, which 
represents the elastic coat of the innermost membrane or tunica intinia ; then a broad 
pale band, representing the middle coat or tunica media, composed essentially of 



Fkj. 511. Tuansversk section of part of the wale of 
THE posterior TIBIAE ARTERY, MAN. (Schafov.) 

Magnified 75 diameters. 

ff, endothelial and subendothelial layers of inner coat; 
6, elastic layer (fenestrated membrane) of inner coat, appear- 
ing as a bright line in section ; r, muscular layer f middle coat) ; 
dy outer coat, consisting of conrioctive-tissue bundles. In the 
interstices of the bundles are some connective-tiKsue iiuclei, 
and, especially near the muscular coat, a number of elastic 
fibres cut across. 



ARTKKIKS 


881 


non-striped muscular fibres arranged concentrically and broken up on its outer side 
into more or less distinct fasciculi. It will bo noticed that the muscular coat is 
thicker on one side than on the other, a phenomenon quite common in many arteries, 
and to be discussed when describing the intracranial vessels. Outside the muscu- 
lar coat is a broad, deeply stained band, containing a large number of elastic 
fibres held together by white fibrous tissue ; this zone is called the tunica externa 
or adventitia. Still further outwards is the loose connective tissue by which the 
renal artery is fixed to neighbouring tissues, and here will be seen transverse 
sections of a number of nerves belonging to the vaso-motor system. 

When examined under a higher power the following appearances are seen in 
a transverse section, say, of the posterior tibial artery. 

Internal coat {tunica intinia) (fig. 511, a, h ). — This may be raised from the 
inner surface of tlie arteries as a fine transparent colourless membrane, elastic 
but very easily broken, especially in the circular or transverse direction, so that it 



Fig, 512.— Tu.\NftVKUSE section of itie kenai. ajiikhy 
i)F A DOG. (Mann.) 

Stained by Weigert’s method to show the distribution of elastic 
tissue, and tlie formation of bundles of non-striped muscle where 
the media abuts on the externa. Outside the vessel are seen vaso- 
motor nerves in transverse section. 



Fig. 51S. — Endothelial laykk 
LINING THE POHTEItlOll TIHIAL 
AHTERY OF MAN. Silver 
nitrate preparation. 250 dia- 
jneters. (Schiifer.) 


cannot be stripped of! in large pieces. It is commonly corrugated with fine and 
close longitudinal wrinkles, caused by a contracted state of the artery after death. 
Such is the appearance presented by the internal coat to the naked eye, but by 
the aid of the microscope it is found to consist of three different structures, 
namely : 

1. An endothelial layer (fig. 511, a, and fig. 513) forming the innermost part or 
ning. This is a simple layer of thin elliptical or irregularly polygonal cells, 
which are often lengthened into a lanceolate shape. The cells have round or oval 
nuclei, with nucleoli : the cell-outlines are often indistinct in the fresh state, but 
may be brought into view by means of nitrate of silver. When the vessels are 
empty and collapsed, the endothelium cells are less flattened, and the part of each 
cell which contains the nucleus may project somewhat into the lumen of the 
vessel. 

2. A subendothelial layer (striated layer of Kolliker). This is composed of a 
finely fibrillated connective tissue with a number of branched corpuscles lying in 
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the cell-spaces of the tissue (fig. 514). This layer exists as a thin stratum in all 
medium-sized arteries. 

3. An elastic layer. The elastic tissue is represented by one distinct lamina, 
which is separated from the endothelium by the subendothelial layer. It is, on 
its outside, in direct contact with the non-striped muscle of the middle layer. 



LAYER DP ARTERY (POSTERIOR TIBIAL). 250 
(iiametora. (Schafer.) 

Tlie ground-HubHtaiict.* is stained by nitrate of 
silver, and the cell-spaccH of the tisane are thus 
mode manifest as white patches, the contained 
cells not being seen. 


When discussing the small arteries 
the development of the elastic lamina 
will be gone into, and therefore it 
will suffice now to point out that this 
so-called ‘ internal elastic lamina ' 
is membranous in character. The 
membrane is not, however, a con- 
tinuous one as it appears to be in 
the section of the tibial artery of 
man (fig. 511), but is perforated by 
apertures, as shown in the micro- 
photograph of the cutaneous artery 
of the dog (fig. 515, a). This ‘ per- 
forated ' or ‘ fenestrated ' membrane 
of Henlc closely resembles the elastic 
laminju of the aorta, to be described 
hereafter. 


Middle coat [tunica media) (fig. 511, c, and fig. 515, 6).-— This consists of 
plain muscular tissue, in fine bundles, disposed circularly round the vessel, and 
consequently tearing of! in a circular direction, although the individual bundles 
do not form complete rings. Tlic considerable thickness of the walls of the arteries 


is due chiefly to this coat ; in the 
smaller ones it is thicker than in 
the larger in comparison with the 
calibre of the vessel. In large 
vessels it is made up of many layers. 

Although, generally speaking, 
the muscle-fibres are arranged trans- 
versely to the long axis of the vessel, 
one finds in certain situations, such 
as the lower reaches of the iliac 
arteries, and at the places wliere the 
abdominal branches of the aorta 
are given of!, a number of oblique 
and occasionally even longitudinal 
flbres. 

In addition to tlie non-striped 
muscle is also found white fibrous 



tissue which helps to bind the 615.— Small cutaneous artery, doo. (Maim.) 

muscle-fibres together ; also clastic Weigert’s method for elastic fibres WHS employed, 

tissue to a variable extent. Thus a, the internal elastic lamina showing perforatione. 

we find (fig. 515) one set of cir- 6, the tunica media with tine elastic fibres. At the 

1 1 x- ei. • . 3«“ction of 6 and r iH the external elastic lamina; c, the 

ClUai* elastic fibres running parallel tunica adventitia with coarse elastic fibres. 

to the lumen of the vessel, and in 

addition to these a great many oblique hbres. Many of the apparent circular 
fibres are membranes which have been cut across, with ridges running partly 
longitudinally and partly transversely. The elastic fibres of the middle coat 
in many cases break up the muscular substance into distinct bundles (fig. 512). 
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By means of the oblique fibres the bundles of muscle*cells are firmly held 
together, and the whole system is rendered thereby more homogeneous. 

Outer coat. — The tunica externa or adventitia (fig. 511, d, and fig. 515, c) 
is in middle-sized arteries largely formed of elastic tissue. Its thickness varies ; 


in most, it measures from one-half to 
two-thirds that of the middle coat. 
In small arteries and arterioles the 
first indication of the presence of elas- 
tic tissue manifests itself in the deposit 
of elastic material in longitudinal 
strands immediately outside the mus- 
cular coat, between the latter and 
the white fibrous tunica adventitia. 
As in the case of the internal elastic 
lamina, so here the longitudinal elastic 
fibres may become converted into a dis- 
tinct membrane, to form an ‘ external 
elastic lamina,' showing a number of 
apertures (fig. 515). The larger the 
vessel, excluding the very large ones, 
the greater is the number of elastic 
fibres developed on the external surface 
of the external elastic lamina. This 
arrangement serves to allow of a con- 
siderable enlargement of the vessel 
during systole. 

Ziargrer arterieB. — These are re- 
presented by the aorta throughout its 
whole length : the innominate, the 
subclavian, the common carotid, and 
the common iliac arteries. Again 
three distinct coats may be seen. 

Internal coat (fig. 516, a, h, c). — 
Innermost of all lies the endothelial 
covering which is characteristic of all 
vessels, but in the large vessels tlic 
endothelial cells are both relatively and 
absolutely shorter than in the medium- 
sized arteries. External to the endo- 
thelium is a well-developed subendo- 
thelial layer consisting for the greater 
part of white fibrous tissue and its 
cells. The clastic tissue of the inner 
coat varies very considerably according 
to the vessel examined. If the common 
iliac artery be examined in its lower 
regions the vessel shows two distinct 
elastic laminae — namely, an internal 



Fio. 516.— Section of aokta. (Griinstein.) 

a, endothelium and Hubendothelial layers of 
intiiiia ; 6, c, outer layers of intima, containing 
many fine elastic fibres; dy c, parts of adventitia. 


elastic lamina like that of tlie smaller arteries, and a little external to this a 


second elastic lamina, which may be regarded as forming the inner boundary 
of the muscular coat. Between the two elastic laminjo just referred to is a 
(juantity of connective tissue, containing numerous very delicate elastic fibrils 
running longitudinally, and also a few, equally fine, circular fibrils. The changes 
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which the inner coat undergoes when we pass from the iliac artery to the aorta 
affect essentially the yellow and the white fibrous elements. In the aorta (see 
fig. 516) the internal elastic lamina is no longer recognisable, Grunstein/ on 
making longitudinal sections through the iliac vessel where its lower reaches pass 
into the upper ones and the latter into the aorta, found the internal elastic lamina 
gradually to lose its membranous character by breaking up into numerous fine 
fibrils; while the second lamina found in the lower portions of the iliac artery, 
whicli is sometimes called the middle elastic lamina and counted as belonging to 
the tunica media (following the classification of Kanvier -), does not break up 
into fibrils but retains its membrane-like appearance. 

The transition of the iliac artery into the aorta is further marked by a gradual 
increase in the amount of connective tissue between the internal elastic lamina and 
the endothelial layer, in addition to the increase of connective tissue between the 
internal and the second elastic lamina ; this connective tissue forming the sub- 
endothelial layer. It is this increase of white fibrous tissue on the inside of 
tlie internal lamina which will engage our attention later when studying the 
changes the aorta undergoes during normal conditions as we pass from childhood 
to old age ; the increase is also of importance in connexion with the pathological 
changes which are liable to occur in these arteries. 

Middle coat. — While the external iliac artery still resembles the medium- 
sized vessels inasmuch as the non-striped muscle is arranged almost exclusively in a 
circular manner and is formed into bundles on the outer surface of the media 
where it abuts on the tunica adventitia, in the common iliac vessel, near the 
aorta, and in the aorta itself, the middle coat exhibits a definite lamellar arrange- 
ment owing to the development within it of a number of concentric elastic 
laminae. The order of tissues in the tunica media is as follows, viz. a thick 



Fio. 517.— Portion of fenestrated mem- 
brane FROM THE FEMORAL ARTERY. (Heillc.) 

Magnified liOO diainetern. 
rf, h, Cf perforations; </, folds. 



elastic lamina ; white fibrous tissue containing delicate elastic fibres running in 
different planes ; non-striped muscle-fibres ; white fibrous tissue with fine elastic 
fibres ; a thick elastic lamina, and so on. The number of elastic laminae varies 
from about forty in the new-born to about between fifty and seventy in the adult : 
tliis increase in number is itself considerable, and the thickness of each individual 
lamina is much greater in the adult than in the young. If a small shred of one 
of these laminro be stripped off it is seen to have a remarkable tendency to 


1 N. Griinstein, ‘XJber d. Bau d. grosseren inenschlicheii Arterien &c.,’ Arch. f. mikr. Anat. 
xlvii. 1890. 

^ Ranvier, Traitf technique d’histologie, Paris, 1876 and 1889. 
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curl in at its borders, and roll itself up as represented in fig. 517. The films of 
membrane are marked by fine lines, following principally a longitudinal direction, 
and joining each other obliquely in a sort of network (fig. 518). These lines are 
reticulating fibres formed upon the membranous layer and continuous with the 
reticulating elastic fibres which pervade the muscular coat and with those 
which extend into the subendothelial layer. The elastic membranes are further 
remarkable by being perforated with numerous round, oval, or irregularly 
shaped apertures of different sizes. In some parts of the arteries the fenestrated 
membranes are very thin, and therefore difficult to strip off ; in other situations 
they are of considerable thickness, consisting of several layers ; in which case they 
tend in the outer layers to lose their membranous character : indeed, it must be 
borne in mind that every transition is met with between the fenestrated mem- 
branes and the longitudinal elastic networks. 

The muscular fibre-cells of the middle coat of the arteries (figs. 519 and 520) 
are seldom more than from 0*16 mm. to 0*25 mm. long, and frequently, especially 



Fia. 519.— Muscular fibre-cells 
FROM HUMAN ARTERIES. Magni- 
fied 850 diameters. (Kolliker.) 

1. From the popliteal artery; 
A, natural ; b, treated with acetic 
acid. 2. From a small branch of the 
posterior tibial. o, nucleus. 



Fio. ,520.— Muscular fibre-cells from 

SUPERIOR THYROID ARTERY, MAN. 

{Schiifer.) 

Magnified 840 diameters. 


in those arteries in which the elastic tissue of the middle coat is most developed, 
present a very irregular shape witli jagged extremities (fig. 520). Their nuclei are 
distinctly rod-shaped, arc often slightly curved, and sometimes spirally wound 
during full contraction of the muscle-fibres. 

As already remarked, bundles of white connective-tissue fibres also occur 
in the middle coat ; the proportion increases considerably with the size of the 
artery. It is important to note that the muscular tissue of the middle coat is 
more pure in the smaller arteries, and that the admixture of other tissues increases 
in the larger-sized vessels ; in these, moreover, the muscular cells are smaller. 
Accordingly, the contractility of the arteries, which depends on the muscular tissue 
of the middle coat, is little marked in those of large size, but becomes much more 
conspicuous in the smaller branches. 

Although, because of the arrangement of the elastic lamina?, the muscle-fibres 
which originally formed a compact mass become broken up into lamellge, they 
for the most part retain their circular direction in the tunica media ; but in the 
laminae nearest the tunica intima, impregnation with silver nitrate shows in the 
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aorta an exceedingly intricate arrangement of the muscle-fibres in vortices. Where 
the tunica media passes over into the tunica adventitia a number of longitudinal 
muscle-fibres belonging to the middle coat are also always seen in the aorta, but 
they are never so abundant as to form a definite layer. 

Szternal coat. — As in the smaller arteries, so in tlie very large ones we find, 
next the tunica media, a layer of elastic fibres running longitudinally and kept 
together by a few strands of white fibrous tissue ; but in addition to this internal 
lay<‘r there appears an external one in which the elastic fibres run circularly. 

In large and middle-sized arteries the bundles of white connective tissue chiefly 
run diagonally or obliquely round the vessel, and their interlacement becomes much 
more open and lax towards the surface of the artery, where they connect the 
vessel with its sheath or with other surrounding parts. Longitudinally arranged 
contractile fibre-cells liavc becm described by various observers in the external 
coat of some arteries (e.g. tlie iliacs, superior mesenteric, splenic, renal, dorsalis 
penis, and the umbilical arteries of the fmtus). In tlie umbilical arteries (Eberth) 
a complete layer of longitudinal muscular fibres is also present in the middle 
coat, internal to the ordinary circular fibres ; these peculiarities are more fully 
alluded to later. 

Sonu^ arteries have rnucli thinner coats than the rest, in proportion to their 
calibre. This is strikingly the case with those contaim'd within the cavity of the 
cranium, and in the vertebral canal ; the differences depends on the external and 
middle coats, which in the vessels referred to are thinner tlian elsewhere. The 
pulmonary arterievs have also much thinner coats than those of the aortic system. 

Changes in vessels during development and with advancing age . — The aorta 
undergoes during development the following changes: — At the end of the third 
month, in addition to tlie endothelium, a media is seen with irregular nuclei, and 
an adventitia, which is four to five times thicker than the media, and witli the 
nuclei arranged longitudinally. At the commencement of the fourth montli a 
membranous internal elastic lamina is distinct. During tln^ fourth month the 
media grows rapidly and is broken up into lamellae by about ten elastic laminije, 
which communicate with one another by numerous offsets. In a somewhat 
older embryo, measuring 10 cm. from vertex to coccyx, the first traces of tin* white 
fi brous tissue of the i nterna I coat appear. During the twentieth to tlie twenty-fourth 
week no elastic fibres are yet developed in the adventitia, but they appear during 
the seventh month. At birth about forty elastic lamiiuc are seen in the middle 
coat, and all of these are connected by longitudinal and oblique fibres. The 
changes which the different coats of the aorta undergo during extra-uterine 
existence are given in the accompanying table, in which the numbers indicate the 
thickness of the coats in micromillimetres. 



Iiitiiiui 

Mediii 

Adventitia 

\('v\’*born ..... 

() 



050 

1485 

l()-yoar boy .... 

54 

850 

088 

S5-ycar luuii .... 

124 i 

t)90 



r>0-yt'ar man 

181 

1075 


70-year woman . 

1 

190 

nil j 

i 


The first increase in the intima is due to the development of white fibrous 
tissue, the second to the deposit of elastic fibres. It will be seen from the table 
that the intima increases relatively more than the media. 

With advancing age all vessels lose some of their elasticity owing to conversion 
of their clast in into a non-elastic substance, elacitu A vessel thus altered would have 
a tendency to become wider under the continued blood-pressure. In this way the 
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blood-stream through the aorta would be modified, were the diameter of the 
vessel not diminished by a special thickening which occurs in the intima 
(Thoma). 

In the common iliac artery both the intima and the media increase in thickness, 
but the media increases faster than the intima at all ages. 

VEINS. 

Mode of distribution. — The veins are ramified throughout the body like the 
arteries, but in most regions and organs of the body they are more numerous and 
larger, so that the venous system is altogether more capacious than the arterial. 
The pulmonary veins form an exception to this rule, for they do not exceed in 
capacity the pulmonary arteries. 

The veins are arranged in a superficial and a. deep set, the former running 
immediately beneath the skin, and thence named subcutaneous, the latter usually 
accompanying the arteries, and named vemv coniiies vet satdlites arieriarum. The 
large arteries have as a rule one accompanying vein, and the medium-sized and 
smaller arteries liave two, but there are exceptions to this rule. The veins within 
the skull and spinal canal, and most of those belonging to the bones, as well as 
the pulmonary veins, run apart from the corresponding arteries. 

The communications or anastomoses between veins of considerable size are 
more frequent than are those of arteries of similar calibre. 

Structure. — The veins have relatively much thinner coats than the arteries, 
and hence collapse when cut across in the empty condition ; whereas a cut artery 
presents a patent orifice. But, notwithstanding their comparative thinness, the 
veins possess considerable strength, more even, according to some authorities, than 



Fi(}. 521. — Section of a smali. auteuy and vein. (Schafer.) 


arteries of the same calibre. The number of their coats has been differently 
reckoned, and the tissues composing them differently described by different writers ; 
this discrepancy of statement is perhaps partly due to the circumstance that all 
veins are not alike in structure. In most veins of moderate size, three coats 
may be distinguished, which, as in the arteries, have been named external, middle, 
and internal. 

Internal coat. — This is more cohe.sive than that of the arteries, and therefore 
admits of being more readily peeled off without tearing ; but in other respects 
the two are much alike. It consists in medium-sized and larger ve^ssels of an 

VOL. II. PART I. 
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endothelium, a suhendothelial connective-tissue layer, and a not very well marked 
elastic layer (fig. 522, a, h). 

The endothelium of the veins is similar in character to that of the arteries, but 
the cells are shorter and broader. The subendothelial layer is less developed in 
most veins than in the arteries, and indeed is absent altogether in many. It is 
better marked in some of the medium-sized veins than in the larger trunks. The 
elastic tissue of the inner coat occurs as dense lamelliform networks of longitudinal 
elastic fibres, and but seldom as fenestrated membranes. Longitudinal muscular 
bundles, as well as isolated contractile cells, are found in the inner coat of some 
veins.’ 

Middle coat. — This tunic is thinner than that of the arteries, and lias a much 
larger admixture of white connective tissue. It is pervaded by an elastic network, 
but this is less conspicuous in the veins than in the arteries. In the veins of the 
limbs (especially the upper limb) and in those of some other parts, the muscular 
fibre-cells have for the most part as in the artiuies a transverse direction, although 
the layer whi(fii they form is not everywhere complete, being separated into bundles 
by the intervention of connective tissue (fig. 522, c). But in many veins some of 

the innermost fibres of the 
middle coat take a longi- 
tudinal (‘ourse : this is the 
case with the iliac, crural, 
branches of the mesmiteric, 
nm))ilical of the fcetiis, and 
other veins (Eberth). The 
transition lietween tlu^ 
middle and tlie outer coat 
is more gradual than in 
arteries. 

The middle coat is 
wanting altogether in the 
thoracic part of the inferior 
vena cava, but is well 
marked in the hepatic part; 
below the liver th(‘ muscu- 
larity of the middle coat 
is less developi'd. 

Sxternal coat (fig. 
522, d). — This is often 
thicker than the middle 
coat ; but the line of junc- 
tion between them is not sharply marked. It consists of dense areolar tissue and 
longitudinal elastic fibres. In certain large veins, as was first pointed out by 
Kcmak, this coat contains a considerable amount of })lain or non-striated 
muscular tissue. Thus the muscular elements are well marked in the whole extent 
of the abdominal cava, in which they form a longitudinal network, occupying the 
inner part of the external coat ; and they may bo traced into the renal, azygos, 
sperniatic and external iliac veins. The muscular tissue of the external coat is also 
well developed in the trunks of the hepatic veins and in that of the vena port<e 
(fig. 523), whence it extends into the splenic and superior mesenteric. It is found 
also in the axillary vein. 



Fl(i. 5 ‘ 2 ‘ 2 , — Tuansvehsk section ok pakt ok the wale ok one 

OK I'llE I’OSTEUlon TIHIAL VEINS, MAN. (Scllilfer.) 

About 200 (iiametors. 

H, (>n»loiholial, mid b, sub-ciidotlielial layers of inner roat ; 
(\ middle coat consisting of irregular bundles of muscular tissue, 
alteriuited with connective tissue, and passing somewhat gradu- 
ally into the outer connective tissue and elastic coat, (L 


‘ Veins which are apjiarently healthy sometimes exhibit here and there well-marked thickenings 
of the inner coat; these thickenings may represent rudimentary valves (v. Bardeleben). 
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Muscular tissue is wanting, or very scanty, in the following veins: viz. 
(a) those of the maternal part of the placenta ; (h) most of the veins of the pia 
mater ; (c) the veins of the retina ; (d) the venous sinuses of the dura mater ; (c) the 
cancellar veins of the bones ; (/) the venous spaces of the corpora cavernosa. In 
most of these cases the veins consist merely of an endothelium and a layer or 
layers of connective tissue more or less developed ; in the corpora cavernosa the 


endothelium is applied to the trabecular 



Pig. 523. — Tkansvkksk section of I'okt.aj, vein 
OF T)0(J. (Mann.) 


Stained by Weigert’s inetliod for elastic fibres. 

((, tunica intiina ; h, tunica media ; c, tunica 
adventitia, witli large bundles of non-stripod mnscb* 
cut transversely and imbedded in dense \vbit(! 
fibrous tissue. 


ttssiie. It may be added that in the 
thickness of their coats the superhcial 
veins surpass the deep, and the veins 
of the lower limbs those of the 
upper. 

Valves. — Most of the veins. 
esj)ecial]y flie superlicial om's of the 
(‘xtremities, are provided with valves, 
a mechanical contrivance ada])ted to 
prevamt tlie reflux of the blood. The 
valves are formed of semilunar folds 
of the internal coat, strengthened by 
included connective tissue, and jiro- 
jecting into the vein. Most commonly 
two such folds or Haps are jdaced 
opposite each other (fig. 521, a) ; the 
coiivcex bord(‘r of ('ach (which, accord- 


tt 0 



Fi<i. 521. — T)i.\(jj{AM showing valnks 
OF VEINS. (Sbarpey.) 

A. Part of a vein laid open and 
spriMid out, with two pairs of valves. 
B. Longitudinal section of a vein, show- 
ing the a})poHition of the edges of the 
valves in their closed state. C. Portion 
of a distended vein, exhibiting a swelling 
in tlie situation of a pair of valves. 


ing to Haller, forms a parabolic curve) is connected with the side of the vein ; the 
other edge is free, and points towards the heart, or at least in the natural direction 
of the current of the blood along the vessel, and the two flaps incline obliipicly 
towards each other in this direction. Moreover, the wall of the vein immediately 
on the cardiac side of the curved line of attachment of the valves is dilated into a 
pouch or sinus (hg. 524, n), so that, when distended with blood or by artificial 
injection, the vessel bulges out on each side, and thus gives rise to the appearance 
of a knot or swelling wherever a valve is placed (as in fig. 521, c). From the above 
description, it is plain that the valves are so directed as to offer no obstacle to the 
blood in its onward flow, but that, when from pressure or any other cause it is 
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driven backwards, the refluent blood, getting between tlie dilated wall of the vein 
and the flaps of the valve, will press them inwards until their edges meet in the 
middle of the channel and close it up. 

The endothelial cells differ in shape and arrangement upon the two surfaces of 
the valves. On the side which faces inwards, and past which the current of blood 
flows, tin; cells are elongated in the direction of the current, whereas upon the 
opposite side which, when the valves are thrown back, faces the wall of the vein, 
the cells are elongated transversely. The main substance of the valve consists of 
transversely arranged connective tissue, which is strengthened on the side of the 
valve not facing tin; sinus by an abundance of elastic tissue corresponding to the 
internal elastic laniina. The valve is thinner close to its attachnn;nt than elsewhere, 
and possesses in the ox, but not in man, a few transverse muscular fibres, while the 
whole of the non-striped muscle in the vessel wall in the neighbourhood of the 
valves has a longitudinal direction. 

The valvular folds are usually placed in pairs as al)()ve described : in the veins of 
the horse and other large quadrupeds three are sometim(*s found, but this rarely 
occurs in the human body. On the other hand, the folds are placed singly in some 
of the smaller veins, and in large veins single valvular folds are not unfre- 
(juently placed over the openings of smaller entering branches ; also in the 
right auricular sinus of the heart there is a single crescentic fold at the orifice 
of the vena cava inferior, and another more completely covering the opening 
of the principal coronary vein. 

Many veins are destitute of valves. Those which measure less than about 
2 mm. in diameter rarely, if ever, have them. In the human subject, valves are 
wanting in the superior and inferior vena; cavic, in the trunk and branches of the 
portal vein (except its gastric tributaries, Koeppe), in the hepatic, renal and 
uterine veins ; also in the ovarian veins of the female. In the male, the corre- 
sponding veins (spermatic) have valves in their course, and in each sex a little valve 
is occasionally found in the renal vein, placed over the entrance of the spermatic 
or ovarian. The ])ulmonary veins, those within the cranium and vertebrjd canal, 
and those of the cancellated texture of bone, as well as the trunk and branches of 
the umbilical vein, are also without valves. In the azygos and intercostal veins 
valves are not generally found, and when ])resent are tew in number. On the otlier 
hand, tlu'V are nunn'rous in the veins of the limbs (and esp('cially of the lower limbs), 
which are much exposed to pressure in the muscular movements or from other 
causes, and have often to support the blood against the action of gravity. No 
valves are met with in the veins of reptiles and Ashes, and not many in birds. 

Blood-supply of vessels. The coats of arteih's and veins are supplied 
with nutrient vessels, vasa vasonimy which may penetrate into the middle coat 
and even ap])roach the inner surface. They are, however, only found in the largest 
vessels, and are not abundant in tliese. 


Stkuctuke of Vessels in Special Situations. 

Blood-vessels of the cranial cavity.*— The arteries uhich are supplied to the 
l)rain differ from others of the same size met with elsewhere in having a specially strongly 
developed inner elastic lamina ; a very slight development of elastic material in the muscular 
or middle' coat ; and, tinally, a remarkable absence of longitudinal elastic fibres. Tlio 
internal clastic lamina is always fcnestraU*d; the fenestifc, oval in shape, with the long axis 
running longitudinally, are fewer and further apart in the larger vessels. This lamina is both 
relatively and absolutely tliicker in cerebral vessels than in others, and shows the peculiarity 
that it has projections on its inner side in all the larger vessels, while in other arteries the 

’ II. Triepel, Amit. Ilefte, vii. .189G-97, and ibid. xi. 1899; H. Schuppler, Aiiat. Hefte, xv. 
1900. 
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thickenings of the elastic lamina are as a rule confine<l to its outer side. Further, the 
lamina is apt to split up into two or more layers whenever there is need for counteracting 
an excessive amount of pressure, as, for example, at points where branches are given off, or 
whore two vessels come together as with the vertebral arteries, and also along the concave side 
of a bent vessel. The adventitia never possesses the elastic lamina which in other arteries 
separates the muscular middle coat from the fibrous outer coat (see fig. 515). In the larger 
vessels the adventitia is composed internally of den.se circular connective tissue and externally 
of loose white fibrous tissue, with bundles of non-striped muscle running longitudinally. 

The cerebral veins resemble one another in the following points : The endothelium cells 
have large nuclei, and lying immediately outside the endothelium is a thin structureless 
membrane which does not give the reactions of either elastin or elacin, and stains with both 
acid and basic dyes. The wall in all tlie veins is thicker 
on the side next to the brain than on that next to the ^ M 

arachnoid. The wall in the veins under the fornix is 
thicker next to that structure than next to the roof of 
the third ventricle. The larger veins may show from iBcC M 

six to eight lamella; of connective tissue running alter- HfiW 

nately longitudinally and transversely. 

Smooth muscle-fibres occur in all the larger and 
middle-sized cerebral veins scattered about amongst 
the white fibrous bundles, especially in proximity to the 

internal elastic lamina, the direction of the fibres being ^ 

either transverse or oblitjue. In the middle-sized veins mB tBm 

only a few muscle-fibres are found, but they are present wBUm 

even in the vena terminalis; in veins within the brain- I I 

substance muscle is very rarely seen. HMm v 

The elastic tissue is in the form of very fine fibres, HHB 

forming in the middle coat a delicate network with ' >4 

no definite direction, the number of fibres being in 

inverse ratio to the muscle; the elastic fibres in the nBED| Mam \ 

external coat are thicker, and run for the most part BoMtt MU 

circularly. In the large superficial veins the wall yjSMSSbmBm 

abutting on the pia contains much less elastic material 
than does the other wall, while in the internal cerebral 
veins the side next to the ventricle is richer in elastic KSjSaBf 

tissue than is the other side. Very little elastic tissue KBIU 

is present in the inferior cerebral veins, and still less BBjtM 

in the vena terjuinalis, while in all the smaller vessels CTOu 

no elastic tissue is present, though the vessel may bo fK^lipyi 

surrounded by several layers of white fibrous tissue. HCMUfl 

The dural sinuses exhibit on their inner as})cct, KMm 

outside the endothelium, a dense meshwork of elastic W *10 

fibres, and have the white fibrous tissue united into W of 

thicker bundles. The vena cerebri magna has a well- I ® 

marked network of elastic tissue, and contains in its * ‘ ^ 

wall a large number of vasa vasorum. The sinu.ses, 

especially the sagittal sinus, contain trabecula; within 525.— Interlobular artery of 

KIDNEY OP MONKEY, SHOWINO THE 

me lumen. elastic tissue to extend up to 

Blood-vessels of the kidney. — The renal arteries the (H.omerulus, part op which ib 

arc remarkable for the great development of their indicated by the dotted line 

elastic tissue, and in animals injected with fixing fluids (Mann.) 

even slightly above normal blood- pressure, the renal Weigert's method for elastic tissue, 

artery is never found so completely dilated as to pre- 


sent a smooth inner surface (see fig. 512). This indicates a special mechanism for safeguarding 
the kidney against a sudden rise in blood-pressure, a conception which is still further supported 
by the fact that in the arterial system the internal elastic lamina is only represented up to the 
end of the afferent vessel in the glomerulus. There is not a trace of elastic material in the 
whole of the circulatory system in the cortex of the kidney beyond the afferent vessel 
referred to. Every provision is further made for the ready discharge of thej blood wdiich 
has passed through the glomerulus, the renal veins having relatively a very large lumen. 
The strong nature of the fenestrated internal elastic lamina of an interlobular renal artery 
is shown in fig. 525. 
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Blood-veiseU of the lung:.' — The bronchial arteries and veins show the same differences 
as those found in tlic rest of the body, but the pulmonary arteries and veins resemble one 
anotlier more closely. ^J’he terminal artm’ioles of the lung, if compared with those of the kidney, 
show a rcunarkable difference. The internal clastic lamina of the adventitia is represented by 
Hbrils running a separate course, and is therefore not a lamina at all. Moreover, the elastic 
libr(!S of the arterioles are continuous with the elastic fibres covering the air-sacs. By this 
arrangement, when tlie air-sacs are distended by an inspiration these elastic fibres are simul- 
taneously put on the stretch, and in their turn pull on the walls of the blood-vessels and so help 
to dilate tliem. In the cat and monkey certain vessels may occasionally be found in which 
the only demonstrable elastic tissue i.s comjio.sed of circular fibres, which would naturally tend 
to counteract the pull exerted on the vessel- wall during inspiration. Except in these vessels, 
wliieh are rare, tlu‘ general arrangement in bf)th the larger arterioles and \ eiiules is to have a 
longitudinal set of elastic tihres next to tin* lumen; then in the muscular coat a number of 
circular librt s, and, linally, in the external coat otliei- longitudinal tihres. 

Umbilical and placental veaael*.-- -The structure of these vessels varies considerably 
according to their situation, i.e. w}H*ther examined in parts which are witliin the embryo or in 
parts which lie outside it. 'J’he structure of the external umbilical arteries is very character- 
istic, for although large vessels they contain no elastic lamina in the intiina. immediately 
external to ti»e endothelium is a layer of non-striped muscle running longit utlinally, and outside 
t he latt(‘r a circular coat of museU>. Such elastic iissut* as exists is found scattered in the form 
of a few longitudinal and ohlicpie lihres hetwt^en th(5 muscle- bundles. The inner longitudinal 
coat of mnsele-Hhres is especially rich in elastic fibres running longitudinally, and here elastic 
?nemhranes juay he present. Tin? tunica media abuts directly upon Wharton’s jelly, a tunica 
adv(*ntitia and vasa vasorum htung absent. At birth tlie ]M‘euliar arrangement of the muscle- 
tihres and the absence of an elastic coat make it possibles for tlu? artery to become completely 
occlud<;<l on section or rupture ; thereby preventing the new-horn from l)leediiig to death. 

The internal portion of the uml)ilical artery has Wharton’s jelly re})laced by the Hhro-elastic 
mantle-zone of Herzog ; the circular muscle-layer shows fewer and fewer elastic lihres, and the 
innei’ longitudinal elastic layer is gradually replaced by a true internal elastic lamina. 

umbilical vein differs from tlio art(‘iies in remaining patent when the umbilical cord 
is severed. It possesses a well-marked internal elastic lamina next to tlu* endothelium, and 
an enormously (l(^velo])ed muscular coat, the lihres of which run in a longitudinal direction 
internally and externally, while most of the middh' lihres run in a circular direction. The 
elastic tihri's increase in amount as we lra(?o them from witliin outwards. The iiitcu nal division 
of tliu umbilical vein is sharply defined, for the internal elastic lamina of the outer division 
ceases suddenly ; at the same lime the white fibrous tissue between the muscle- tihres 
becomes more abundant. The muscle- fibres of tlie tunica media run mostly longitudinally; 
there are, however, a few circular fibres. Tlie adventitia becomes gradually stronger and there 
are developed in it numerous coarse elastic fibres which run longitudinally. 

The jilacental vessels differ from the umbilical in the following manner : — The superticial 
arteii(\s contain fewer elastic fibres and membranes ; the superficial veins ])ossess no internal 
(‘lastie lamina and only a few elastic fibres, and their muscular tissue is not arranged in bundles. 
Mechanical stimulation of the placental arteries leads to their dilatation. 

Blood-vessels of domestic animals.— The axillary vessels in the domestic animals, 
on being compared with one another, show the following points.^ The larger the animal the 
larger are the endothelial cells; elastic ti.ssue is well developed in the intima of the horse, 
donkey, and ox, ft'chly developed in the pig, and absent in the dog ; musele-tibres occur in 
the intima, ('specially where branching of the vessels occurs. The internal elastic lamina of the 
arteries is developed in inverse jiroportion to the number of elastic filires in tlie intima. From the 
shoulder to the (‘Ihow-joiut elastic lihres are especially abundant in the tunica media, while from 
the (‘Ihow-joint to the, digits the muscular tissue increases relatively more and more. But the 
alteration of the vessel-wall brought about by this decrease of tiie circular elastic tissue in the 
tunica media is couiiterhalantHxl by an increase of the longitudinal elastic lihres in the tunica 
adventitia. The muscle-tihres as a rule run circularly, but are arranged spiiall}' in the sub- 
scapular artery of the horse ; tlie external elastic lamina is absent in the horse, donkey, and 
ox, hut well develoiied in the shoe]) and dog. The tunica adventitia is eharaeteiised by the 
longitudinal elastic fibres becoming more and more prominent as we pass from the central to the 
peripheral end of the arteries, and the increase in the elastic tissue of the tunica adventitia, 
as just pointed out, counteracts the diminished development of the elastic tissue in the 
tunica media. 

' Tiinser, Anat. Heftc, xiii. 1900 ; J. Miller, Journ. of Aiiat. and Physiol, xl. 1905. 

' B. Hemieberg, Anat. Heftc, xix. 1902. 

Baum and Thionel, Arch. f. mikr. Anat. Ixiii. 1904 
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CAPILLABIES. 

That the blood passes from the extreme arteries into the veins was a necessary 
part of the doctrine of the circulation, as demonstrated by Harvey in 1628 ; but 
the mode in which the passage takes place was not ascertained until some time 
after the date of Ins great discovery. The finding of the capillary vessels, and of 
the course of the blood through them, was in fact one of the first fruits of the use 
of tlie microscope in anatomy and physiology, and was reservi‘d for Malpighi 
in 1661. 

When tlie web of a frog’s foot is viewed through a microscope of moderate 
power (as in fig. 526), the blood is seen passing rapidly along the small arteries, 
and thence more slowly through a network of finer cliannels, by which it is con- 
ducted into the veins. The small vessels interposed between the finest branches of 
the arteries and the commencing veins are the capillary vessels. The course of 
the blood in these may also be conveniently seen in the lungs or mesentery of the 
frog, in the external gills and the tail of tadpoles ; in the tail of small fishes ; in the 
wing of the bat ; in the mesentery of small (]uadrupeds ; and generally in the trans- 
parent vascular parts of animals which can be brought under the microscope. 
Th(‘se vessels can also be demonstrated by means of fine injections of coloured 
material, not only in membranous parts, such as 
tliose above mentioned, but also in sections of 
orgiins and tissues, which may be viewed as trans- 
parent objects, or which, if opaque injection-masses 
have beeji used, can be viewed in reflected light. 

The capillary vessels of a part are most com- 
monly disposed in a network, the branches of 
which ar(‘. of nearly uniform size, though not all 
strictly equal ; and thus they do Jiot divide into 
smaller branches like the arteries, or unite into 
larger ones like the veins. But the diameter of the 
tubes, as well as the shape and size of the reticular 
meshes which they form, differs in different t(‘x- 
tures. Their prevalent size in the human body 
may, speaking generally, be stated at from 7 to 
8 niicromillinietres as measured when naturally 
filled with blood. Animals injected under normal 
pressure with isotonic salt-solution, followed by 20 per cent, formalin in isotonic 
salt-solution, never show capillaries which are less in diameter than the red blood- 
corpuscles of the animal experimented on. The extreme branches of the arteries 
and veins in certain parts of the synovial membranes are connected by capil- 
lary loops which are considerably dilated at their point of flexure, and dilata- 
tions are also found upon the transverse capillaries of the red muscles of the 
rabbit. 

There are great differences in the size or widtli of the meshes of the capillary 
network in different parts, and consequently in the number of vessels distributed in 
a given space, and the amount of blood supplied to the tissue. The network is very 
close in the lungs and in the choroid coat of the eye, and comparatively close in 
muscle, in fat, in the skin, and in most mucous membranes, as, for example, those 
of the mouth and nasal cavities ; also in glands and other secreting structures, 
and in the grey matter of the brain and spinal cord. It has wide meshes and 
relatively few vessels in the ligaments, tendons, and other allied textures. In 
infants and young persons, the tissues are comparatively more vascular than in 
after-life. 



Fid. 5‘2(5. — Capili.auy hlood-vks- 

SKl.S I\ THK WEH OF A FUO(i’« 
FOOT, AS SEEN WITH THE MlCltO- 

scoFE. (Aftor Allen Thomson.) 

The arrows indicate the course, 
of the blood. 
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The figure of the capillary network is not the same in all textures. In many 
cases the shape of the meshes is accommodated to the arrangement of the elements 



Fkj. r>‘ 27 . ■ SmAM- AUTEUTOl.K HUKAKINCJ VP INTO 
C'APlMiAlUKS ; FKOM 'I'HK T,IIN(} OF A FlUXi. 

The outlines of the enpothelial celi.s aue 
HUOUOHT ou r HY HILVEU NITRATE. (Maim.) 


of tlie tissue in which they lie. Thus 
in muscle, nerve, and tendon, the 
meshes are long and narrow, and 
elongated in the direction of the fibres 
and fasciculi of these ti'xtures. In 
other parts, as in the lungs, in fat, 
and in secreting glands, the meshes 
are rounded or polygonal, with no one 
dimension greatly predominating. In 
the papilke of the skin and mucous 
membranes the vessels of the net- 
work are often drawn out into promi- 
nent simple or ramified loops. 

In addition to, or in place of, true 
capillaries sonn*. organs possess a, 
lacunar system of vessels called sinu- 
soids, which differ in size and in their 
mod(‘ of origin. These blood-sinusoids 
are met with in all blood-glands, and 
also in the liver ; they will be discussed 
separately. 

Structure of the capillaries. 

— The wall of the capillaries proper is 
formed entin'ly of a simple endothelial 
layer, composed of flattened lanceolate 
cells joined (*dge to edge, and continu- 
ous with the coiTespondiiig hxyev which 
liiu's the smallest arteries and veins 


(fig. 527). The outlines of the cells, or their lines 
of junction one with another, may in many regions 
be made appareiit by silver nitrate ; while in 
other regions silver nitrate does not produce 
this effect (sei' below). Tlieir nuclei, which sliow 
a well-marked network, may be brought into 
view by any basic dye. Commonly there are 
not more f ban two or three cells in the cross section 
of tin' wall of a capillary. At tlie points of junction 
of the capillaries the cells are usually broader and 
not spindle-shaped, but radiate, with three or four 
pointed branches fitting in between the cells of 
the three or four adjoining vessels which meet at 
the spot (fig. 528, c, c, c). 

Silver nitrate does not sliow the outlines of 
cells in the capillary vessels of the villi of the 
intestine, the glomeruli of the kidney, the choroid 
coat of the eye, the hyaloid membrane of the frog, 
and in developing capillaries. In these situations 
treatment with silver solution produces a uniform 
brown staining. 



Fi(i. 5‘2s.— Cafjllarv vessels from 
THE RLADDER OF THE CAT, Mag- 
Hifiecl. (After Chrzonszc/ewsky.) 

The outlines of the cells are stained 
by silver nitrate. 

c, cells at junctions. 


The blood-channels of the liver of mammals after birth are quite distinct 


from all other blood-channels, for they are not lined by a continuous endo- 
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thelium, but their walls are partially beset by specially modified cells, the 
‘ stellate cells ^ of v. Kupffer ; these possess phagocytic properties. Where they 
are absent the blood comes in direct contact with the liver-cells. The vessels of the 
hepatic lobules are, however, not true capillaries, but sinusoids (see page 347). 
In the capillaries of the Fallopian tubes and in those of the uterus during 
gestation, the flattened endothelium-cells are replaced by cuboidal cells. 

In capillaries which have been submitted to the action of silver nitrate, 
there is here and there to be seen between the cells of the capillary wall an increase 
in amount of the intercellular substance, appearing as an enlargement of the fine 
line of the silver deposit. To these gaps in the capillary wall J. Arnold has applied 
the term ‘ stigmata ’ ; they are analogous to the 
‘ pseudostomata ’ found between the endothelial 
cells of a serous membrane, and are doubtless 
artifacts. Besides these stigmata the wlute blood- 
corpuscles, when migrating from the blood-vessels 



and passing between the endothelial cells, give 
rise to the appearance of minute openings, the 


Fi(i. r)29. “RiiANciiKD roNTHAc riia; 

CKLLS KNriHCl.lNti A CAPIl-LAHV 
OF 'THK IIVALOII) MKMHRANK <)F 


margins of which are stained by silver nitrate. 
Capillaries may lie in direct contact with the 


THK Fiuxj. (From Tigerstedt, 
after Roiiget.) 


most diverse tissues : thus, in the ease of the 


palate of the frog, capillari(\s send diverticula between the epithelial cells; in 
Cophius, minute capillaries run right through the larg(‘ ganglion-cells ; in heart- 
muscle, and also in striped muscle*, they lie in very close relationship to tin* 
contractile elements. In areolar tissue, branched cells of the surrounding areolar 
tissue are found connected intimately with the ea'lls forming the capillary wall. 
Tins connexion occurs almost everywhere*, but it is more obvious in parts which 


are pervaded by a supporting 
network of reticular connec- 


tive tissue, such as the sub- 
stance of the lymph-glands, 
tin* solitary and agminated 
glands and ad jacent intestinal 
mucous membrane, whe*re the 
small vessels and ca})illaries 
may even obtain a continuous 
covering from the* retienilating 
])rocesses of the cells. This 
coating was named l)y His, 
a (Ivcnt it ia ca p illar is . 

One* type of capillary reejuircs 
Fig, 530. -A living cai'ij.larv vessel. special mention — namely, that 

A, previous to excitation ; B, showing maximal contraction found in the hyaloid membrane of 

as the result of excitation. (From Tigerstedt, after Hteinach.) the frog’s oyo, lying botwcon th(^ 

vitreous humour and the retina — 
for the capillaries and larger blood-vessels in this situation possess no nerve-supply, and yet arc 
contractile, as first surmised by Rouget and subsequently proved by S. Mayer. The cajiillaries 
here are peculiar in being surrounded by branched cells, the branches of which run right round 
the endothelial tube, and by their contraction diminish the lumen of the vessel {see tig. 521)). 
The stimulus for contraction in this instance, and to a certain extent also in the following 
one, is perhaps given by alterations in the chemical composition of the blood-plasma. An 
actual diminution in the calibre of capillaries devoid of all non-striped muscle-fibres is readily 
seen in the nictitating membrane of the frog, if examined with its inner surface uppermost ; 
also in those of the perioesophageal lymph-sac. By appropriate stimulation of the nerves of 
the part, or by applying electrodes to the margin of the preparation, a fully dilated capillary 
will frequently be seen to pass through all stages of partial contraction, until it ultimately 
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resembles a solid strand. This capillary contraction is by no means restricted to the cold-blooded 
animals, if we may judKe by the fact that in the rabbit’s mesentery successful impregnation with 
gold chloride has revealed every capillary to be supplied with a nerve running along it, these 
nerves forming complete loops corresponding to the capillary meshwork. Contraction both of 
th(^ whol(‘ capillary wall, as well as of the individual cells of capillary vessels, has been described 
by Strieker, Tarchanolf, Rouget, and Steinach. 



Fl(i. 531.— SiM'SOlDS 01' LIVKU KMJUIYO CHICK, SUOWINO LAUOE ULOOD-Sl'ACES INVADED 

JIY CYDINDKKS OK HEPATIC CEDES. {'Miliot.) 

Si, sinusoids; h.r,, liepaiio eyclinder.s 



Fig. 58*2.— Sinusoids of liveu from kmruyo chick more advanced in development. (Minot.) 

Si, sinusoids; h.c., hepatic cylinders. 
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SINUSOIDS. 

This term was given by Minot ‘ to a special form of blood-vessel occurring in 
the pro- and mcso-iiephros, tlie liver, tlie heart, suprarenal capsules, the para- 
thyroid, carotid, and coccygeal glands ; probably also in the lymph-glands, spleen, 
and thyroid glands of some animals, and perhaps in the ‘ cavernous ’ circulation 
of erectile tissue, and in the placenta. 

Sinusoids differ from capillaries in considerably exceeding the diameter of a 
single red blood-corpuscle, wliile capillaries rarely allow more than one red cor- 
puscle to pass at a time. Capillaries tend towards a cylindrical or subcylindrical 
form, wliile sinusoids have irregular shapes and numerous irregular connexions 
with one another. Capillaries are as a rule surrounded by connective tissue, while 
the endothelium of all embryonic sinusoids lies throughout its whole extent in 
direct contact with the parenchyma of th(‘ organ it occurs in ; although in the 
adult condition a certain amount of connective tissue may make its appearance 
lictween tlie sinusoids and the rest of the organ. 

According to Lewis, sinusoids may lie either purely venous or purely arterial ; 
while capillaries always form tlie link between the arterial and the venous systems. 
A sinusoid is formed by the mutual growing into om^ another (intercrescence) 
of the endothelium of a vessel and tin' parenchyma of an adjacent organ. ‘The 
proliferating tuliules or trabecula) of an organ encounter a larg(' vessel and invade 
its lumen, pushing the endothelium before them ; the vessel, on the other hand, 
sends out branches to circumvent the tubules.’ 

Generally speaking, sinusoids are more (characteristic in embryos than in adult 
animals. For example, ‘ the liver has its sinusoids rapidly transformed into 
capilliform vessels ; in the heart, with the addition of the coronary arteries, the 
sinusoidal circulation is at least supplemented by the capillary.' In all such 
cases ‘ the higher forms have vessels of smaller calibre substituted for larger ones 
directly supplying the blood niM'ds of the tissues’ (Minot). 

The gradual narrowing of the sinusoids during progressive embryonic 
development, and their general character of irregular spaces lined by endothelial 
cells in direct contact with tin* gland-substance, are well brought out in figs. 531, 
532, which show two stages in the development of the liver sinusoids in the chick. 
In the adult liver, as lias been already pointed out, the endothelium of the blood- 
channels is largely replaced by separate phagocytic cells, and the blood comes 
nearly everywhere in contact with the liver-cells. Thus its plasma can pass into 
fine canaliculi in the cell-protoplasm, which are capable of being easily injected 
from the portal vein by carmine-gelatine (sec p. 26 and fig. 45). 

SMALL ABTEBIES AND VEINS. 

Ill vessels a little larger than capillaries (fig. 533) there is added, outside the 
endothelial layer, a layer of smooth muscular tissue, in the form of the usual long 
contractile fibre-cells, which are placed circularly around the vessel. The elongated 
nuclei of these cells may be brought into view by means of acetic acid or by 
staining fluids (fig. 534). This layer corresponds with the middle coat of the 
larger vessels. In the smallest vessels in which it appears the muscular cells are 
few and apart, and a single long cell may turn spirally round the tube (Lister) ; 
in larger vessels, especially those of the arterial system, the muscular cells are 
more closely arranged. Outside the muscular coat is the areolar or connective- 
tissue coat, containing fibres and connective-tissue corpuscles, with longitudinally 
placed nuclei. 

' C. S. Minot, Proceed. Boston Society of Natural History, xxix., 1900; F. T, Lewis, Anat. Anzeig. 
XXV., 1904. 
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In vessels of 0*3 mm. in diameter, the elastic layers of the inner coat 
may be discovered (fig. 534, a, 8), in the form of fenestrated membranes or of 
longitudinal reticulating elastic fibres. 

At first all the membranes are of the nature of elastic fibres running longitu- 
dinally ; later these fibres increase in thickness (see fig. 535). During the next 
stage morci elastin is deposited in the same plane as delicate fibres between those 
already present ; and this process is continued till there results a membrane 



FkJ. 58;}. — A s:\lALL .ARIEllY, A, AND VEIN, V, FROM THE SURCUTANKOrs CONNECTIVE TISSUE 
OF THE RAT. Treated vvitli Ditrato of silver. 175 diameters. (Schiifer.) 

a, o', eiidothelium-cells with h, h\ their nuclei ; m, transverse niarki)ig8 due to stainlii}:,^ 
of substance between tlie muscular fibre-cells ; c, c, nuclei of connective-tissue corpuscles 
attached to exterior of vessel. 

consisting of the original fibres forming well-marked longitudinal ridges, and the 
secondarily and tertiarily developed elastin almost completely filling up the 
spaces between the lidges. Tliere are, however, always apertures through which 
a free communication between the inner and outer divisions of a vessel is 
established. In the case of the kidney a close meshwork of fibres is deposited 
from the very first. These, with the increasing age and increasing diameter of 
tlie vessel, gradually become broadened out until a very even membrane with 
oval apertures results, as shown in the interlobular artery represented in fig. 525. 
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In tlie transverse section of the small artery represented in fig. 536, the elastic 
lamina has become corrugated owing to post-mortem contraction of the middle 
coat. 

A B 

7 fi y S ^ a ^ 3 



Fig. 534.— a small ari kuy, A, with a cohuespondino vein, B, 

TRKATEl) WITH ACETIC ACID, AND MACJNIEIED 350 DIAMETERS. 

(Kijllikcr.) 

a, external coat with elongated nuclei ; /3, nuclei of the transverse 
muscular tissue of the middle coat (when seen endwise, as at t)ie sides 
of the vessel, their outline is circular); 7 , nuclei of the epithelium- 
cells ; 5, elastic layers of the inner coat. 



Fio. 535. — Elastic tissue 
or TYPICAL small autehy. 
The DOTTED LINE INDI- 
CATES THE JUNCTION OK 
THE MIDDLE AND THE OUTER 

TUNICS. From the doo’s 
TONGUE. (Mann.) 

Weigert’s method for 
elastic tissue. 


The small veins differ from arteries of corre.sponding size, chieliy in the inferior 
development of their muscular tissue ; the lining cells of the arteries also are very 



Fig. 53(5. — Transverse section of a small artery (on the left) and of a small vein 
(on the right). Magnified 250 diameters. (Schafer.) 


much longer and narrower than those of the veins. These differences, as well as 
the comparative size of corresponding vessels, are well shown in the accompanying 
figures (figs. 533, 534, 536). 
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A peculiar arrangement of non-stripcd muscle is found in the meshlike blood-vessels of 
the skate, in which the muscle, insteatT of forming a continuous coat, appears as well dcHned 

rings (P. Meyer) (fig. 537). In the mesentery 
of the macaque monkey, and occasionally also 
in the rabbit, the ineHenteric veins show non- 
striped muscle arranged as a separate bundle 
running along one side of the vessel (fig. 
53h). 

The only open communication between the 
arteries and the veins is by means of capillary 
vessels, and in certain cases by sinusoids, as above 
described ; except that in the maternal pai t of 
the placenta, in the thoracic sympathetic ganglia 
(Banvier) (fig. 539 )» and in the interior of cit^ctilc 
organs small arteries open directly into wide 
venous cavities without the intervention of capil- 
laries; in the mesentery also small arteries may 
r.:l7. -Rin(.-i,ike AUHANGI-.MKNT OK 'HrKCtly into small vfins. In the splcon 

Mi sccK AUiiLND vKssKLs OF sKATK. (IVIaun.) (fig. 540), tlic aitt iial capillaries do not at once 

(From a iireparation by 1*. Meyer.) l>ass into the commencements of the veins, but 



538 . — Smai-i- vknui.e and hlood-('ai*ill\iuj:s in thk aiesentkhv of a .monkey, sJiowiNii 

IJAND OF NON-STlllFED MCSCI.K. UCNNINAi AI.ONOSIDE THE VENri.K. (Maim.) 



FlO. 539.— ThIKD THOlCYCie UANOEION of rabbit, injected with PllUSSlAN-RLCE UEL.VriNE. 

(Rainfier.) 

(I, arteriole : capillary opening into a dilated terminal vein ; F, a dilated venous sinus ; 

c, a cajiillary. 
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open into the special blood- sinuses (amiiullse) of the organ, from which minute veins collect 
the blood. 

In certain other parts of the body small arteries have been seen passing into small veins 
without the intervention of true cajHllaries (Hyrtl, Sucquet, Hoyer). 


NERVES OF BLOOD-VESSELS. 

That small groups of ganglion- 
cells occur along the course of 
the coronary arteries of the heart 
has already been inentioned, but 
these cells belong to the heart 
proper ; and the ganglia described 
by Lehmann in the inferior vena 
cava may also be regarded as scat- 
tered extrinsic sympathetic cells not 
belonging to the vessel proper. 

Both sensory as well as motor 
nerves are distributed to the coats 
of arteries. They form plexuses 
round the larger arteries, and run 
along the smaller branches in the 
form of fine bundles of nerve -fibres, 
which here and there twist round 
the vessel, and unite with one 
another in a plexiform manner. 
The fine motor branches destined 
for the artery penetrate to the 
middle coat ; to the muscular tissue 
of which they are chiefly distributed. 



Fig. 540. — Tuansveusk section of a monkey’s 

SPLEEN, FIXED BY IN IKCTING THE WHOLE ANIMAL 
FROM THE AORTA. ThK VENOUS SINUSOIDS APPEAR 
AS IRREGULARLY SHAPED HOLES. TllE GRANULAR 
MASSES ARE THE MaLPIGHIAN CORPUSCLES. 


►Sensory muwes terminating in a kind of end-plate were diLscribed by Dogiel 
in the walls of small blood-vessels (fig. Ml); they have also been found by 
others in the tunica iritima of the aorta and pulmonary artery (Schemetkin), and 
of all cerebral arteries (Huber). In addition to these special sensory end-plates, 
Pacinian corpuscles have been found in the tunica adventitia of the abdominal aorta. 



Fig. 541.— Terminal ramifications of afferent nerve-fibres in a small blood-vessel 

(.A. S, Dogiel.) 

especially close to the diaphragm, but also in the lower part as far down as the 
common iliac arteries ; also in the inferior vena cava and in the thoracic portion 
of the aorta in animals, but not in man (Rachanow). While both sensory end- 
plates and Pacinian corpuscles occur in the adventitia of vessels, other fibres 
pierce the adventitia and media and terminate in the intima, the best example of 
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these heinff the fibres of the depressor division of the vagus (KUster and Tschermak) . 
The ganglion-cells of this sensory nerve, being situated in the superior portion 
of the jugular ganglion of the vagus, send their peripheral processes to the aorta, 
where the medullated fibres terminate in the intima after having lost their 
medullary sheath in the media. Whether the delicate nerve-fibres accompanying 
blood-capillaries which possess no muscular coat are sensory or motor, it is 
difficult to say; for, as explained on p. 345, the presence of muvscle is by no 
means essential for the contraction of capillaries. 

Nerves as to the efferent nature of which there cannot be any doubt are found 
in vessels which contain definite non-striped muscle-cells. By means of Golgi’s 
silver-chromate method it is easy, especially in the spleen, to demonstrate the 
repeated dendritic branchings of the nerve-fibres before they terminate on the 
surface of each separate muscle-cell. 

Around tlio blood- vessedH in the rniieouK membrane of the intestine it is possible to show' 
by Khrlich’s intrd vitam melhylene-bluo method, and also by modifications of Golgi’s method 
(fig. 512), a plexus of fibrils which communicate with one another and pro)>ably also with 
fibres derived from the sympathetic. 4’heir i)eculiar arrangement makes it likely that they serve 



Fio. 512. — Tkkminai. lU.KxrsKs aiiocno smali. nnooD-VKssEi.s. (Dogiel.) 

The plexuses show stellate eulargerncnts here and there which are thought by Dogiel 

to he uervo-cellH. 


tlu‘ same purpose as do the seii.sory spiral fibres which surround the muscle-fibres in muscle- 
spindles ; just as contraction of the muscle-spindle puts the sensory fibre on the stretch and so 
stimulates it, so here dilatation of the blood-vessels may bring about a stimulation of the peri- 
vaseular plexus. 

DEVELOPMENT OF BLOOD-VESSELS. 

The first vessels which appear in the ovum are formed in the mesoderm, and 
d(‘velopmeiit sulisccpiently goes on in the same layer and in its derivatives in all 
parts of the animal body. New vessels, also, are formed in the healing of wounds, 
in the restoration of lost parts, and in the production of adventitious growths. 

The first vessels of the embryo, both of the chick and mammal, are formed in 
the vascular area, and originate from some of the cells of the mesoderm in that 
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situation (figs. 543, 544) which form a syncytium. Vacuoles are formed within 
this, and as they increase in size run together ; a cavity filled with fluid is in this 
way produced in parts of the syncytium. The nuclei of the cells have meanwhile 


become formed within the cavity in the 


multiplied, and blood-corpuscles liave 
manner to be described in coniu'xion 
with blood-development. The cavities, 
while these changes are going on, in- 
crease largely in size, especially in the 
chick, where they form vesicles (fig. 

543), visible to the naked ey(‘ as minute 
reddish specks, which have been known 
since the time of Pander as ‘ blood- 
islands.’ The enlarged parts of the 
syncytium are united to one anotlier 
by narrower parts, and after a time the 
cavities extend into the narrow portions 
so that a network of vessels is produced. 

The wall of these primary vessels 
is therefore composed at first merely 
of the protoplasm of the syncytium, 
with nuclei imbedded in it luuv 
and there. Subsequently the proto- 
plasm becomes differentiated around 
the nuclei into the flattened cells which compose the wall of the capillaries, 
and wliich form the lining membrane of the arteries and veins ; but 
this differentiation may not occur until comparatively late, and the capillaries 
of certain parts never show it (s(‘e p. 344). The remaining coats of the 
larger vessels are developed later, from other mesoderm-cells which apply 



Fi(i. 543. -Cells from midole layer of chick’s 

HLASTOOERM UNI)EROOIN(J DEVELOFMKNT INTO 
ULooD-VEssELS. Magnified. (E. Klein.) 

ri, cavity of cell ; wall of cell ; /,/, cells not 
yet hollowed out ; d, blood-corpuscles. 



Fi(i. 5-44 . — Developing blood-vessels in mesoderm of vascular area of liUiNEA PKi. 

(Schiifer.) 

hly nucleated embryonic red corpuscles accumulating at the enlargements of a network 
of mesoderm-cells, which is becoming hollowed out at tin; enlarged parts, At d, r/, division- 
appearances. The smaller figure on the left shows the part, o, of the larger figure more 
highly magnified. 


themselves to the exterior of the previously simple endothelial tubes and 
produce the plain muscular and other tissues of which those coats consist. 
In many parts of the body of the embryo, vessels are formed in like manner 
from cells of the connective tissue, especially in rapidly growing vascular 
tissues. 
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Formation in connective tissue. — One of the most favourable objects for 
th(.‘ study of the development of the blood-vessels is afforded by the subcutaneous 
tissue of the new-born rat, especially those parts in which fat is being deposited 
(Schiifer). Here we may observe that many of the connective-tissue corpuscles 
are much vacuolated, and that the protoplasm of some of them has a decided 
reddish tinge (fig. 545, h). In others the red matter has become condensed in 



Kid. 545. — DhVKI.OI'MKNT of VASOFOHMATIVK C'O.NNECTIVK-TIHSI'E fki.ls into hlood-vessees. 

KhoM the SIIIUJITANEOUS TISSUE OF THE NEW-llOUN U.\T. (Schitfcr.) 

//, a containiji^' lueniOf!;lobin in a UifYusod form in the protoplasm; //', one containing 
colouri'd globules of varying si/o, and vacuoles; //", acoll filled with coloured glohules of nearly 
uniform si/o; developing fat-cells ; o, an elongated cell with a cavity in its i)rotoplaRm 

«)ccupied by fluid and by blood-corpu8cle.s which aio still globular; h, a holiow cell the nucleus 
of which lias multiplied : the new nuclei are arranged around the wall of tin; cavity, the 
corpuMch’s in which have now b(>come discoid. In c is showm the mode of union of a vaso- 
formative c(‘ll, which in this instaiua* contains only one corpuscle, with the prolongation [hi] of 
a previously (!xi8ting vessel, a and e, from the new-horn rat; />, from the fiidal sheet). 



Kid. 54fi. — ISOEATEH CAPIM.AKY NETWORK FORMED RY THE .irNCTION OF SEVKUAU VASO- 
FORMA’ITVE CELLS CON TAIN INd COLOFRED RLOOD-CORIHJSCLES IN (LEAR FLUID. (Scluifer.) 

<•, a hollowed-out coll which does not yet communicate with the network 
/), p, pointed protoplasmic extensions growing out from the network. 


the form of globules within the cells (h\ h'\ &c.), varying in size from minute specks 
to spheroids of the diameter of a blood-corpuscle, or more. At some parts the 
tissue is completely studded with these cells, each containing a number of such 
spheroids, and forming groups or ‘ nests " of blood-corpuscles or minute ‘ blood- 
islands.' The cells become elongated and pointed at their ends, and send out 
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processes to unite with neighbouring cells. At the same time the vacuoles in 
their interior become enlarged, and coalesce to form a. cavity within the cell 
(fig. 545, a), in which the reddish globules, which are now becoming disc-shaped 
(fig. 545, h), are found. Finally the cavity extends through the cell-processes into 
those of neighbouring cells and into those sent out from pre-existing capillaries 
(fig. 545, c), but a more or less extensive capillary network is often formed long 
before the connexion with the rest of the vascular system is established (fig. 546). 
As lias been mentioned already, young capillaries do not exhibit the well-known 
lines when treated with nitrate of silver, for the differentiation of the hollowed 
cells and cell-processes into flattened cellular elements is a subsequent process. 

The development of capillaries from " vasoformative cells ’ has also been described in the 
great omentum of the cat and rabbit by Itanvier, ami of the dog by Ifayem ; in the mesentery 
of the guinea-pig by Nicolaides ; in the liver of the sheep-embryo by iviil)orn ; in the eapsulo- 
pupillary membrane of embryos of rodents by Leboucq ; and lunler pathological conditions by 
Malassez. Other authors {e.g. S])uler, Fuchs, Saxer. Pardi), without impugning the eorivetness of 
the observations, believe that the vasoformative cells are remnants of capillary vessels which are 
undergoing retrogression or atro})hic ehaiige, the ‘cells’ in <jUestion nqjrcsenting nodal points 
ill a cajiillary systera in which the conm'cting vessels have disnpjH'ared. Spulcr suggests that 
in many cases the vasoformative cells are still in connexion with c'xisting patent blood-vessels, 
and that their apparently isolated jiosition is due to a collapse of delicate ca))illaries which cannot 
bo seen by ordinary methods, l^utwhih* the ])ossibility of occasional isolation of segments of a 
capillary system owing to degenerative changes is not denied, there can be very little doubt as 
to the real existence of vasoformative cells.' 

Formation by outgrrowths from ezistingr capillaries. — It must not bo 
supposed that new capillaries are in (wory case produced by vasoformative cells, for 
the common procedure in adult tissues, especially after injuries, (insists in a 
budding of new vessels from older ones. This jtrocess is very readily studied in 
the tails of amphibians and in growing tissues geiicra.Ily. As described above, all 
blood-vessels are originally formed by mesoderm-cells which become converti'd into 
endotlielial cells, and it is these which initiate the formation of mnv capillaries. At 
the place where a new capillary is about to be fonmal, an (‘ndothelial cell begins to 
lose its flattened character by giving rise to a solid process which penetrates into 
the surrounding connective tissue. This projection may occur close to its nucleus 
or some distance from it (Kolliker, Flemming -), and may he preceded, accompanied, 
or followed by a, mitotic*, division of that nucleus. Since it is impossible to 
demonstrate in actively growing capillaries the outlines of endothelial cells 
by means of silver nitrate, we must regard the endothelial cell which has 
undergone nuclear division as part of a syncytiiim. The solid process thrown 
out by the cell in question is always, to begin with, d(‘stitute of a nucleus ; but 
very soon one of the nuclei of tlie syncytium travels into tin? process, and presently 
undergoes further mitotic division. By this means the process gradually increases 
in length, and meets eventually with a similar process tlirown out by anotlier 
capillary. At this time the two capillaries are linked together by a protoplasmic 
bridge consisting of nucleated but as yet undifferentiated endothelium. Tliis 
bridge becomes gradually hollowed out ])y tlie liimina of tlie original capillaries 
extending into it. In this way the cells become channelled out and converted 
into an endothelial covering. At first only blood-plasma enters the devolopiug 
capillary, but later the red blood-corpuscles also pass along it. 

' The recent literature on this subject is given in connexion with the development of the blood- 
corpuscles. 

- Flemming, Arch. f. mikr. An at. xxxv. 1890. 
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LYMPH-VESSELS OR LYMPHATICS. 

A system of lyrnpli-vessels is superadded to the sanguiferous in all classes 
of vertebrate animals, but this is not the case in the invertebrata ; in many of 
these the blood-vessels convey a colourless or nearly colourless fluid, but no 
additional class of vessels is provided for conveying lymph or chyle. 

Dlatrlbution. — Lymph-vessels are found in all the organs which receive blood, 
witli thci exception of the central nervous system, the globe of the eye and the 
internal ear. They ar(‘ always convey(‘d in the connective tissue of the part. 
The larger lymphatic- trunks usually accompany the deeply seated blood-vessels ; 
th(‘y convey tlui lymj)h from the plexuses of origin towards the thoracic duct and 
right lymphatic duct. The Iymph-V(‘ssels of a part anastomoses or intercom- 
municate witli eacli other much more frequently than do tlie veins alongside of 
whicii they run. 

It not infrequently happens that a lymph-vessel, or a close interlacement of 
lymph-vessels, may ensheath an artery or vein either partially or wholly. In 
this case the lymphatic is termed ‘ perivascular.’ In flat, membranous or expanded 
parts, the lym])h-vessels usually form a network, which is situated either in a 
single plane, as in many parts of the serous membranes, or in two or more parallel 
planes united by intervening vessels, as in the skin and some mucous membranes. In 
the latter case tlu^ strata are generally composed of finer vessels and form a, closer 
network the lumrer they are to the surface of the membrane in which they arc; 
distributed, but even the most superficial and finest network is composed of 
vessels which are largcu* than the blood-capillaries. 

In most parts of the body lymph- vessels are so delicate that they require 
a special method — namely, impregnation with silver nitrate according to the plan 
of v. Recklinghauscm — for their demonstration. If we take a thin connective- tissue 
membrane, cover it with a solution of silver nitrate and, after rinsing with distilled 
water, expose it to the light, we find, after the tissiu* has become brown, a number 
of white areas, either (juite separate or joined together (fig. 517, c). These white 
patches V. Recklinghausen took to be intercommunicating spaces; but we now 
know that each stellate area represents a connective-tissue cell, which remains 
white either because it does not contain chlorides foi* the silver salt to react 
with, or because the silver nitrate does not penetrate into the colls. And if 
wt‘ stain a silver-nitrate preparation of areolar tissue with any liasic dye, such 
as toluidin-blue, (*ach of the spaces is seen to contain a large nucleus. In 
fig. 517, in addition to the stellate cells (c), separated by a large quantity of 
d(‘eply staimul ap])arcntly homogeneous intercellular substance, are si'cn more 
regular cells (d) only separated by thin sinuous lines. Tlu‘S(‘ connective-tissue 
cells placed close together represent the endothelium of lymphatics, and 
here, again, each cell in the wall of a. lymphatic may be shown to possess its 
own nucleus. Jjooking at v. Recklinghausen’s figure one may readily see how 
he fell into the error of supposing lymphatic vessels to take their origin in 
tissue clefts (see [). 102). As far as we know to-day, the view of Langer and of 
Raiivier — namely, that lymph-vessels are formed as a closed system which 
ultimately opens only by the thoracic duct and right lympliatic duct into the venous 
circulation — is tln^ correct one.* In most parts the actual origin of the lymphatics is 
in the form of a network or plexus of vessels of irregular size which here and there 
show blind root-like diverticula extending into the accompanying connective tissue ; 
and we find analogous outgrowths in the lymphatics of the intestinal villi, which, 
although they form networks in the larger and broader villi, usually consist of a 


1 Soc pp. Ji01-3G4. 
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single vessel which begins with a blind or dosed extremity at the free end of 
the villus, whence it passes to join the general plexus of the intestinal mucous 
membrane. 

In the more solid organs, sucli as glands, the lymph-vessels are found in the inter- 
stitial connective tissue. In many cases they lose in great measure the character of 
distinct tubular canals, and appear simply as cleft-like spaces ; these are, however, 
always bounded by an endothelial layer, like that which lines the lymph-vessels 
elsewhere. This lacunar formation of lymphatics was first described in the testicle 
by Ludwig and Tomsa, and it is now known to be characteristic of most glandular 



Fig. 547. — Lvmphatiis of central tendon of diaphragm of rahrit, pleural hide; 

TREATED WITH NITRATE OF SILVER AFTER RE.MOVAL OF HUPERFICTAL ENDOTHELIAL 
LAYER, (v. Ilecklingluuisen.) 

6*, 0 , connective-tissue cells wliicli v. Recklinghausen mistook for empty spaces; f?, fZ, lymphatic 
vessels, which appear to be in continuity with the ‘ cell- spaces ’ at h, h. 


structures. Occupying everywhere the interstices of the penetrating connective 
tissue, the lymph bathes the exterior of the tubules or alveoli of the gland, in many 
parts even separating them from the capillary blood-vessels, so that the exchanges of 
material between the plasma of the blood and the secreting cells of the gland must 
be carried on through the intermedium of the lymph in these spaces. 

Lymphatics, although developed originally from veins, are in open communica- 
tion with the serous cavities, by means of orifices or stomata, which will be described 
with the serous membranes. These stomata allow of the passage of lymph from 
the serous cavities into the lymphatics. Owing to this the fluid which moistens 
them does not accumulate in the serous cavities under normal conditions. The 
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stomat.'i ar(3 most readily soon in the peritoneal wall of the cisterna magna or groat 
lymph-sac in the frog ; the cells lining the stomata become ciliated during the winter 
Hcason in female frogs and toads (Klein), so as to direct the lymph-flow from the 
big lymph-sac over tlie developing ova. Remak was the first to notice these cilia, 
but li(3 mistook the stomata for vesicles. 

Jn Hoino of tlie lower jiniinals the lacunar condition of lympliatics has been long known. 
Kusconi found that the aorta and inosentcric arteries of amphibia are enclosed in largo 
ly Mi))hati(; spaces. Johannes iM idler recognised the spaces which so extensively separate the frog’s 
skin from the subjacent muscles as belonging to the lymphatic system, and v. Recklinghausen 
showetl that the subcutaneous lymph-spaces of the frog’s leg communicate with lymphatic 
vessels which envelop the* blood-vessels of the foot ; also that milk injected into these spaces 
finds its way into the blond, ’riie lyni]>hatic system, with its lacunae or interstitial receptacles, 
resembles the blood-vasculur system of crustaceans and insects. 


Structure. — The snudlest lymph-vessels, as already mentioned, are larger 
than the blood-ca[)illaries. The endothelial cells show a markedly sinuous outline, 
which is well seen in fig. 548. 

Lymph- vessels differ from blood-vessels in that their diameter varies greatly 
within short distances — a very wide space may suddenly become narrowed down 
to a (dose passage, as is seen in figs. «548 and 549 ; and also in that tludr walls are 
thiniKu* in proportion to tliidr (•alil)re and l(‘ss systcmiatically arranged into tunics. 

Ill the larger vessels, from about 0.25 mm. upwards, there are present in 
the tunica intima, in addition to the endothelial lining, elastic fibres run- 
ning longitudinally, forming a 
more or less complete net- 
work, whi(di in tlie largest 
lymphatics may become mem- 
branous in cluiracter. W here, 
however, a great deal of elastic 
tissue exists in the surround- 
ing tissues, a.vS in the mesentery 
of mammals, the elastic tissue 
I of the lymphatics is absent or 
greatly reduced. 

In all large lympli-vessels, 
as in blood-vessels, three dis- 
tinct tunics are met with. 
Outside tlio tunica intima is 
tlie tunica media, consist- 
ing of muscle- fibres running 
transversely and obliquely, 
strengthened by a few trans- 
verse elastic fibres. The 



Fui. 548. pAllT OF A I.VMI’IIATIC VESSKI. IN TIIK I'LECHAL 
OOVERINO OF THE DIA I’llUAO M, (Killivier.) 

/, /, tlu; lymphatic vessel witli chanieteristic sinuous endo- 
thelium ; e, cell-spaces of the connectivo tissue 


outer coat (tunica externa seu 
adventitia) is, in the small 
lymphatics, the most charac- 
teristic ; it contains amongst 


the longitudinally placed connective- tissue elements a considerable number of 
non-striped musele-hbies running longitudinally and obli(|uoly, a feature rarely 
met witli ill the blood-vascular system except in the large veins. Both large and 


moderati‘-sized lyinpluities have blood-vessels ramifying in their outer coat.^ 

In the thoracic duct there is a subendothelial layer, as in the large arteries, and 
it also contains elastic fibres forming a longitudinal network. The tunica media has 


1 H. ]M. kivans, Amer. Journ. Anat. vii. 1907. 
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a larger number of circular non-stripeci muscles than a vein of similar size, 
but not as many as are found in a corresponding artery. The tunica externa 
contains connective tissue and a few longitudinal elastic and muscle-fibres. Nerve- 
fibrils are abundantly supplied to lymph-vessels.^ 

Gaskell described an attachment of elastic fibres to the walls of smaller lymphatics in some 
parts, and inferred that the patency of the lumen may by their means be restored after it has 
been temporarily obliterated by external pressure or by contraction of the muscular coat. 














Fi(i. 519 . — Lymphatic plkxus of centuat. tendon of diaphraom of radriT, pleurae 
SIDE. Magnified. (Klein.) 

a, larger vessels with lanceolate cells and numerous valves ; h, e, lym])hatics of origin, 
with wavy bordered cells. Here and there an isolated patch of similar cells is seen in 
the meshes of the network. The connective tissue cell-spaces arc not represented. 

Valves. — The lymphatics and hicteals are furnished with valves serving 
the same office as those of tlie veins, and for the most part constructed after 
the same fashion. These generally consist of two semilunar folds arranged in the 
same way as in the already described valves of veins, but deviations from the 
^ A. S. Dogicl, Arch. f. niikr. Anat. xlix. 1897. 
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usual structure occur here and there. A difference is noticeable in the endothelium 
upon the two surfaces of the valves similar to that which has been noticed in the 
valves of the veins (see p. 340). 

Valves are not present in all lymphatics, but where they exist they follow one 
another a t much shorter intervals than those of the veins, and give to the lymphatics, 
when distended, a beaded or jointed appearance (see figs, 548, 549). Valves are also 
placed at the entrance of the lymphatic trunks into the great veins of the neck. 
They are very abundant in the lymph-vessels of the mcs(‘ntery. They are as a rule 
wanting or imperfect in the lacunae and plexuses of origin ; so that fluid injected 
into one of these vessels runs in all directions, filling to a greater or less extent the 
whole plexus, and then passing along the separate vessels which issue from the 
organ. 

The lymphatics of fish and amphibia are in most cases destitute of valves, 
and may therefore be injected from the trunks ; valves are also much less 
numerous in the lymphatics and lacteals of reptiles and birds than in those of 
mammals. 

TermlnatlonB of lymphatlca. — The absorbent system discharges its contents 
into the blood-circulatory system at two points, namely, on the left side (by the 
thoracic duct) at the junction of the subclavian and internal jugular veins, and on 
the right side (by the right lymphatic trunk) at the corresponding part of the venous 
system. The openings, as jdready remarked, are guarded by valves. It some- 
times happens that the thoracic duct divides, near its junction with the veins, 
into two or three short branches, which open separately but near each otlier ; more 
rarely a branch opens into the vena azygos — indeed the main vessel has been seen 
terminating in that vein. Again, it is not uncommon for larger branches, which 
usually join the thoracic duct, to open independently in the vicinity of the main 
termination ; this is more apt to happen with the branches which usually unite 
to form the right lymphatic; trunk. Notwithstanding th(‘se variations the junctions 
with the great veins are confined in man to the region of the neck ; in birds, 
reptiles, and fishes, on the other hand, communications take place between the 
lymphatics of the lower part of the trunk and lower limbs and the sciatic or other 
veins of the abdomen or pelvis. 

Itympliatic bearts. — J. Miillrr and Fanizza, almost at the same tinie, but independently 
of each other, discovered that the lymphatic system of reptiles is furnished, at its principal 
terminations in the; venous system, with pulsatile muscular sacs, which serve to discharge the 
lymph into the veins. Yhese organs, which are named lymph-hearts, have now been found in all 
the dilTorent orders of reptiles and amphibia, and also in birds, but not in any mammal. Tn the 
frog and toad two pairs of lymph-hearts occur: a posttuior pair, situated in the sciatic region, 
which pours its lymph into a branch of the sciatic or of some other neighbouring vein; and an 
anterior, more deeply seated pair, placed over the transverse processes of the third vertebra, and 
opening into branches of the jugular veins. The walls of these sacs are thin and transparent, 
but contain muscular tissue, which appears obscurely striated, decussating in ditferent layers, 
as in the blood- heart. In their pulsations they are quite independent of the latter organ, and 
are not even synchronous with each other ; their beats are dependent upon connexion with the 
spinal cord. In adult reptiles (lizards, serpents, tortoises, and turtles) only a posterior pair has 
been discovered, which agree in all essential points with those of the frog. In the goose, and 
in other species of birds belonging to different orders, Fanizza discovered a pair of lymph-sacs 
opening into the sacral veins ; and Stannius found that those sacs have striated muscular fibres 
in their walls. 8ome birds have an anterior as well as a posterior pair of lymph- hearts. Nerve- 
fibres, both dark-bordered and pale, have been observed in the lymph-hearts of the frog, and 
nerve-cells in those of the tortoise (Waldeycr).’ 

y Miiller'a description is to bo found in the Philosophical Transactions for 18B1 ; Panizza’s, in a 
special memoir on the Lymphatic System of Reptiles, x>ublished in 1838. For an excellent 
iicyoiint of the lymplmtic hearts of the frog the reader is referred to the ‘Lemons d’anatomie 
gciiorale’ delivered by Professor Kanvier in the Coll^ge do France in 1877-78, and published in 1880 
and to the ‘ Trait6 tccimique ’ of the same author, ‘2nd edition, published in 1880. 
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Development of I3rmph-vea8el8. — Until a few years ago little was definitely 
known as to the manner in which lymph- vessels arc developed, but this question 
can now be regarded as being considerably 
more advanced towards settlement, owing 
especially to the researches of Florence R. 

Sabin * and F. T. Lewis.- 

Danger was the first to notice that in the frog 
lymphatics grow as blind sprouts in exactly the same 
manner as do blood-vessels. Ranvier,^ later, described 
their development as centrifugal in the embryo pig: 
ho further suggested that lymphatics take origin as 
outgrowths from veins. Ranvier stated that the 
thoracic duct throws out buds, which at first are solid, 
but later become converted into channels. Whenever 
a bud is formed it possesses a dilated end, and from 
this there arises a narrower bud which grows further 
into the surrounding tissue, and itself gradually becomes 
dilated. The dilated ends of the successive buds give 
rise to the valves of the lymphatic system. In the 
omentum of the newly born kitten there exist a large 
number of lymphatics ending in blind diverticula ; these vessels completely disappear by the 
time the kitten is three months old. 

Gulland,'* on the other hand, thought that lymph-vessels arise at the periphery and grow 
towards the blood-vessels, finally opening into the latter. Gulland states that before definite 
lymphatic vessels are developed there appear in the subcutaneous connective tissue inter- 
communicating spaces between the lamellar conncctivc-tissuo cells and the white fibrous tissue 
to which the cells have given rise. The spaces arc filled by fluid which has exuded from the 



Fio. 5r)0.-— Relation oe the lymi’H-sac 

ANT) nrcT TO THE CAKDINAL VEIN IN 

A iTfi-EMBKvo 14 5 MM. i.()N(}. Mag- 
nified 170 diameters. (8abiii.) 

S, lymph-sac, communicating througli 
another vessel with the interior of the 
vein. 



Fig. 551. — Diagbam of tde mode of formation of the lymphatic from the venous 

SYSTEM. (Mann.) 

a, a main vein with lateral branches ; partial atrophy of the branches and formation of 
blind sacs communicating with the veins and filled with blood ; r, loss of communication with 
the main vein, and blending of the sacs into a single closed sac, still occupied by blood; 
d, secondary connexion of the sac, wdiich is now enlarged, with the main vein ; c, budding 
out of lymph-vessels from the sac, the blood from which has been discharged into the vein. 


blood-vessels, and which percolates along from the distal ends of the limbs to their proximal 
ends ; in doing so it is supposed gradually to make for itself definite channels in the subcu- 
taneous tissue ; and the cells lining the ever- widening channel to become converted into flattened 
elements — the lymphatic endothelial cells. In the light of more recent researches Gulland’s 

' Amer. Journ. Anat. i. 1902 ; iii. 1901 ; iv. 1905 ; Anat. Record, ii. 1908; Ainer. Journ. Anat. ix. 1909. 

^ Amer. Journ. Anat. v. 1905. ^ Sitzungsb. d. k. k. Akad. d. Wiss. Iviii. 1808. 

^ Comptes Rendus, 1895-189G; Arch, d’anat. micr. 1897. ’ Journ. of Pathol, and Bact. ii. 1894. 
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view cannot be adopted, although some authors believe that intercommunicating spaces such as 
he describes may play a part in the formation of peripheral lyrnj)h*channels (see next page). 


In mammals the lymph- v(38sels arise as six lymphatic sacs, one pair of which is 
found a nteriorly in the neck, and another pair posteriorly in the groin. In addition to 
these paired sacs, two unpaired sacs occur — namely, one at the root of the mesentery 
and another behind the aorta ; this last sac becomes the reccptaculum chyli. The 
anterior pair of sacs is developed about the level of the fifth cervical nerve along 
the dorso-lateral surface of the post- and pre-cardinal veins, opposite the duct 
of Cuvier (fig. 550). The sacs begin to appear in pig-embryos of 6*5 mm. ; they 
are fully formed in 16 mm. embryos. They correspond in situation to the anterior 



Fill. riati. -'CoMrOSITK UlAdUAM OF THK SPKEADINU 
OF TIIK SlII’EKFICIAL LVMJ’HATICS IN THE EMJUIYO 
lT«i. (Sabin.) 

A, extant of aroa in an embryo 18 inin. long; 
H, extent of area in an embryo of 20 mm.; 

C, C, extent of areas in an embryo of SO mm. ; 

D, 1), extent of areas in an embryo of 40 mm. 


blood, whicli was contained within tlie sac, 


lympli-hearts of the lower vertebrata. 
In older embryos the anterior lymph- 
sac gradually diilerentiates into lymph- 
nodules. The mesenteric sac arises 
according to Baetjer from veins of 
the renal anastomoses,* while the sac 
which becomes the receptaculum chyli 
buds out dorsally to the aorta and 
adjacent to the azygos veins. Hubse- 
(piently the mesenteric sac and the 
reccptaculum chyli join and become 
connected with the thoracic duct, 
which has developed in connexion with 
the azygos veins. 

The general principle on wliich the 
sacs are formed is probably as follows 
(see diagram, fig. 551) : 

In the regions where the lymph- 
sacs sul)se(juently make their appear- 
ance, plexuses of small venous vessels, 
wliich open into a, main vein (fig. 
551, a), become formed. Tliese plex- 
uses become detached from the main 
vein and reduced to a smaller number 
of closed spaces lined with endothelium 
and filled with blood (fig. 551, 6 and c). 
These spaces fuse together to form the 
lymph-sac (fig. 551, c), which is at first 
filled with blood arid is not in communi- 
cation with the main vein. Later a 
(connexion forms between the sac and 
the vein (fig. 551, d) ; into this the 
asses. Soon afterwards the sac gives rise 


by budding to true lymph-vessels (fig. 551, c). The latter start from the lymph-sac 
and invade the region of the embryo which adjoins the lymph-sac (figs. 552, 553). In 
this way each half of the embryo develops (1) an anterior lymph-sac from which the 


lymphatics of the corresponding head and chest region grow out, (2) a posterior 
sac from which those of the inguinal and leg region are formed, and (3) two 
unpaired mesial sacs, of which the retroperitoneal gives rise to the lymph-vessels 
of the intestine,- the other becoming the receptaculum chyli. 


' Aiuit. Record, ii. 1908 ; Aincr. Journ. Anat. viii. 1908. C. F. SilvcBter (Verhandl. d. anat. Gesellsch., 
Anat. Anz. 1910) deflcribcs a pennaiient lymph-vein-connexioii at the lc*vel of the renal veins in 
Soulb American monkeys. 

- Heuer, Anat. Record, ii. 1908 Ainer. Journ. Anat. ix. 1909. 
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According to this account lymph- vessels grow out from' the lymph-sacs, 
which are themselves originally formed from venous plexuses ; they are in no 
way assisted in their formation by pre-existing peripheral tissue-clefts. This 
view is not shared by Huntingdon, ‘ who believes that the venous lymphatic out- 
growths unite with lymphatic spaces independently developed in various parts of 
the mesenchyme in close proximity to embryonic veins. The balance of evidence 
appears, liowcver, to favour the view tliat tlie lymphatic system is a series of 
vessels lined by endothelium which arise from separated portions of veins and 
eventually again open into the venous system.'-^ The present tendency is to 
deny the incorporation of tissue-clefts into advancing lymph-vessels which have 
started at the lymph-sac, and the statements of Budge,** Gulland * and Sala,’' 
all of whom affirmed the development of lymphatics from tissue-clefts, have 
fallen into discredit. Sala states that the posterior pair of lymph-sacs of the 


Ear 





Fl(i. ."5:5, - GuONVIN(i EXTIIKMITIKS OF THE LYMPHATICS OF THE SKIN HKTWEKN THE EAK 
AND EYE IN A IMC.-EMHUYO 50 MM. L()N(i. Ma^uilicd. (Sahi)l,) 

chick are derived from lateral branches of the first five coccygeal veins, and that 
later tliese become connected secondarily with lymph-vessels, formed by the union 
of spaces arising independently in the mesenchyme. 

The follow ing additional points may be mcntioneii as illustrating the centrifugal growtli of 
the lymphatics. Knower ® has shown that tlie subcutaneous lymph-sacs of the frog are derived 
from ramitieations of simple tubular vessels of the lateral lymphatic trunks. Goldtinger found 
that the sacs of the posterior limbs have a similar origin. Kainer describes the lymphatics 
in the skin as developed in regular order, from within out — viz. first those of the subcutaneous 
tissue, then those of the cutis vera, and finally those of the papillary layer. In the lung, according 
to Flint,' the lymphatics are seen first at the hilum, whence they penetrate along the connective- 
tissue septa. Heuer^* describes the growth of the intestinal lymphatics as follows : The primary 
lymph- vessels enter with the mesenteric artery ; they pierce the muscular coats and form a system 
of loops in the submucous coat ; these loops, by sending out lateral branches, gradually give 

1 Verhancll. d. anat. Gesellsch., Anat. Anz. 1910. See also Huntingdon and McClure, Anat. Record, i. 
1907, and McClure, Anat. Anz. xxxii. 1908. 

2 Cf. F. R. Sabin, Anat. Record, ii. 1908, p. 51. 

* Budge, Arch. f. Anat. u. Phy.siol., Anat. Abtheil. 1880 and 1887. 

4 Gulland, Journ. of Pathol, and Bacteriol. ii. 1894. 

Sala, Abstract in Arch. ital. de Biol, xxxiv. 1900 
Amer. Jouni. Anat. vi. 1900. 


‘‘ Anat. Record, ii. 1908. 
Op. cit. 
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rise to a coarse-meshcd plexus of lymphatics ; from this, at a later date, is derived a fine-meshed 
plexus on the inner side of the muscularis mucosae, and from this plexus spring the lacteals 
which enter the villi ; the muscular coat is mainly supplied from branches arising from the 
submucous plexus, while the plexus between the muscular and serous coat is the last to develop, 
arising from twigs given off by the main lymphatics before they enter the muscular coat. 
W. 0. MacCallum ' found that the lyraph-vcssels of embryo pigs between 5 and 15 cm. long 
an? closed tubes unconnected with the connective-tissue spaces, and described them as growing 
by solid sprouts. Lastly, it may bo mentioned that Clark," studying the growth of lymph- 
vessels in the tail of the tadpole, states that they grow centrifugally as sprouts from pre- 
existing vessels,* the cells which form their growing extremities being phagocytic. 

Huntingdon ‘ has suggested that phylogeneticaUy the circulation was originally of the 
lymphatic type, and that from this arose, secondarily, the hscmal or blood-circulatory system, 
in support of this view he quotes the work of Eavaro, who found that in bony lishes certain 
vessels act alternately as blood- and as lymph- vessels. As we descend in the vertebrate series 
wo find that the origin of the lymphatic system undergoes siraplihcation, for in urodelous 
amphibians fourteen to sixteen veno-lymphatic hearts are found, while in anurous amphibians 
two posterior and two anterior hearts only are met with, and in adult reptiles the posterior alone 
occur. Most bin Is lose the anterior heart, but some retain it, wliereas mammals are entirely 
<levoid of contractile lymph-hearts, although retaining a double connexion between the venous 
and lymphatic systems. ’ 

' Arcli. f. Anat. 1902. - Anai. Record, iii. 1909. ■' Cf. Langer, op. cit. 

' Anab. U(‘cord, ii. 1908. See also Anat. Anz. xxxix. 1911, where an extensive bibliograidiy relating 
to tile Hiibjoct will be found. 

■’ 'Dio description of Llio structure and development of tin* vascular system (including the lymph- 
vcHsels) has been furnished hy Professor (fustav Mann of Tulane University. 



THE BLOOD AND l.YMPH. 


THE BLOOD. 

To the naked eye tlie blood appears opaque and homogeneous ; but, when 
examined with the microscope, either within the minute vessels, or when 
spread out in a tliiii layer upon a glass slide, it is seen to consist of a transparent 
colourless fluid, named ' liquor sanguinis,* or ‘ plasma,* in which corpuscles are 
immersed. The most evident of tliese corpuscles are of two kinds, the coloured 
(erifthrocutes) and the colourless {leucocytes). The former jirc by far the more 
abundant, and have been long known as the red or coloured corpuscles of the blood; 
the colourless, white, or pale corpuscles, on the other hand, being fewer in number 
and less conspicuous, w(‘re longer in being generally recognised. Of late years a 
third kind of corpuscle, much smaller than (‘ither of the other two, and far less 
conspicuous, has beem recognised as a constant morphological constituent of blood. 
These corpuscles appear to be connected with tin* process of coagulation and ar(‘ 
hence termed thrombocytes ; from their small size and llatteued shape they are also 
known as blood- 'platelets. 

When blood is drawn from the vessels it iimh'rgoes coagulation, the plasma 
depositing fibrin, which appears under the microscope in tlio form of fine 
interlacing filaments ; the colourless or yellowish fluid which remains is named 
serum, 

lii a cubic millimetre of normal human blood there are on an average 5,000,000 
red corpuscles. The number of white corpuscles is about 10,000, but varies much 
more than that of the red ; from 5, (XX) to 20,(X)0 per cubic millimetre being 
met with even under normal circumstances. There are fewer red corpusc.les in 
the female (4,500,0(X) per cubic millimetre). The number of blood-plat(*lets is still 
mori; variable ; it has been given at from 5, (MX) to 4r)()TK)() per cubic millimetre of 
blood. 

The luimbcr both ot erythrocytes and leucocytes is relatively higher in young children. 
According to the observations of If. H. Roberts, ' the average number of erythrocytes per cubic 
millimetre of blood during the first twenty-four hours after birth is G millions. There is an 
increase during the first three days, then a gradual decrease, until during 
the second week there arc about 5^ millions. There are usually some erythro- 
blasts on the first day. The blood-platelets are fewer than in the adult. 

Leucocytes are also more numerous immediately after birth. On the first day 
they average 18,000 per cubic millimetre, and on the second day 10,000, 
but by the third day they are down to 11,000. The proportion of hiemo- 
globin in the red corpuscles is higher in the new-born than in the adult by 
15 to 20 per cent. 

Enumeration of th(i coloured blood-corpuscles is readily performed, 

A definite amount of blood, obtained by pricking the finger, is measured 
in a capillary tube, and is then mixed with a measured amount (100 times its volume) of 
dilute solution of sulphate of soda, or some other fluid which prevents coagulation and at 
the same time preserves the corpuscles ; the latter can then be counted in a small known 
quantity of the mixture. This part of tlie operation is etfected by placing a drop of the 
mixture in the middle of a glass ‘cell ’ of a certain depth (fV^h of a millimetre), the bottom 

’ Thesis, Edinburgh, 1906 (unpublished). This is generally confirmatory of the older observations, 
especially those of Hayem (Recherehes itc., Paris, 1878 ; also ‘ i)u Hang,’ Arc., 1889). 


•f/ 
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Eio. 554. — Human 

llEI) CORPUSCLES. 

Magnified about 
420 diameters 
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of which is ruled in squares, of a definite dimension (usually mm.)* H now a 
covering glass is placed over the cell so as to touch the drop, the latter will form a layer 
of the mixture ,',5 nun. deep, and the part above each square will represent a cube of liquid 
the sides of which measure ^ ram. By counting the number of corpuscles in ten such 
squares, after allowing them time to subside, and multiplying the result by 1(),(X10, the number 
in a cubic millimetre of the blood is obtained. In the actual instrument the larger squares 
are subdivided into smaller for convenience of counting. 

The methods of Hay cm and Nachet, Gowers, and Thoma are based on the above principle.* 
Th<‘- average results obtained by recent investigators agree closely with the original estimates 
of Vicrordt and Wclcker.'^ 

For the enumeration of the leucocytes and thrombocytes special methods of preparation and 
staining as well as a less dilution of the blood are employed. 


RED CORPUSCLES OP THE BLOOD: ERYTHROCYTES. 

Shape and Size. — The liumun erythrocytes are not spherical, as the name 
‘ globules,’ by which they were formerly designated, would seem to imply, but 




Pro. 555.— Human rkd blood-corpuscles. (Schafer.) Photograph. 

Magnified 050 diameters. 

flattened (fig. 551 and fig. 555), with a nearly circular outline, like a coin. When 
examined on a glass slide in the usual way they present a shallow cup-like depres- 
sion or dimple on both surfaces ; their usual figure is, therefore, that of biconcave 
discs. Sometimes they appear dimpled on tlie one surface and very slightly 
convex on the other (cup-shaped). According to Weidenreich^ this is the normal 
condition in mammals : the biconcave shape being the result of evaporation of 
water during exposure in preparing the specimen. But this opinion, althougli 
shared by F, T. Lewis,'* Radasch,"’ and a few other histologists, cannot be accepted, 

* O. Oliver (Croonitui LectureB, Lancet^ 18UC, vol. i.) has introduced a method of estimating the 
number of red blood-corpuscles without the labour of enumeration. Many valuable observations on 
the conditions affecting their number will be found in this article. See also ‘ The Blood Jind Blood- 
pressure,’ London, 1001, by the same author. Other observations and references are collected in the 
article ‘ Blood ’ in Schiifer’s Textbook of Physiology, 1898, by the editor, and in that on ‘ Blood and 
Lympli ’ by Boriittau in Nagel’s Ilandbuch der Physiologie, 1910. 

^ P. B. Hawk (Amer. Journ. Physiol, x. 1904) found a higher number— viz., 5,600,000 per cub. mm. — 
as the blood-count of healthy young men taking regular exercise : he gives the mean blood-count for 
the leucocytes as 8,800, i.e. 1 to nearly 1510 erythrocytes. The number of both was increased immediately 
after exercise (see footnote 1, p. 387). 

5 Ergebn. d. Anat. 1903, 1904, and 1909; Arch. f. mikr. Anat. Ixi. 1903, Ixix. 1906. 

' Journ. Mod. Research, x. 1904. 

■’ Anat. Anz. xxviii. 1906. Radasch states that the erythrocytes of the child and embryo are mostly 
cup-shaped, but appears to liave studied them chiefly in sections of fixed tissues. 
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for, on examining the circulating blood in the mesentery and other transparent 
parts of mammals, it is easy to observe that, with few exceptions, the erythrocytes 
arc biconcave. This shape must tlierefore be regarded as the normal one,^ Their 
magnitude differs somewhat even in the Siime blood, but the prevalent size is *007 
to *008 millimetre 2 (g^Vol^li inch) in diameter, and about one-fourth of that in 
extreme thickness. A few may usually be found which are not more than 
one-half the normal size (microcytes), and others (macrocytes) which are rather 
larger (up to about *0085 mm.) ; every gradation in size between these two extremes 
may be met with. In some diseases, especially pernicious anaemia, the relative 
number of microcytes is greatly increased. 

In mammals generally the red corpuscles are shaped as in man, except in the 



'KfrA 


Pig. 650. — Red blood-corpuscles of 
THE TOAD. (Schafer.) Photograph. 
Magnified 450 diameters. 


Fio. 557. — Red blood - corpuscles of 
THE FROG. (Schiifer.) Photograph. 
Magnified 450 diameters. 


camel tribe, in which they have the same shape as in birds, reptiles, amphibia, 
and most fishes ; in these they are elliptical discs with a central elevation on both 
surfaces (figs. 556 and 557). The height and extent of the elevation, as well as 
the proportionate length and breadth of the ellipse, vary, so that in some fishes the 
elliptical form is almost shortened into a circh\ 

The size of the erythrocytes differs greatly in the different classes of vertebrata ; 
they are largest in amphibia. Thus in the frog they are about 25 /x long and 
14*5 /i broad ; in Proteus anguineus, 62*5 /x long and 34*5 /x broad ; in Amphiuma 
tridactylum, where they are largest, the red corpuscles are one-third larger than 
those of Proteus. In birds they range in length from about 8*5 /x to 14*5 /x. 
Amongst mammals the elephant has the largest red blood-corpuscles (9 /x) ; those 
of the dog average 7 /x ; those of the sheep 5 /x ; the goat was long supposed to have 
the smallest (4 /a), but Gulliver found them about half this size in the Meminna 
and Napu deer.** 

In observations upon the blood of different races of mankind, Richardson 


^ Schafer (Anat. Anz. xxvi. 1905). A similar conclusion is arrived at by David (Arch. f. inikr. Anat. 
Ixxi. 1907), by Jordan (Anat. Anz. xxxiv. 1909), and by Jolly, who observed the corpuscles in the vessels 
of the bat’s wing (C. r. soc. biol. Iviii. 1905 ; Arch, d’anat. micr. xi. 1909). Cf. also Orsos (Fol. heemat 
vii. 1909) and L. Ldhner (Pfiiiger’s Arch. cxl. 1911). 

The one-thousandth part of a millimetre is known as a micron j and is represented by the Greek 
letter /*. The diameter of a red blood-corpuscle is therefore expressed as 7 — 8 microns (7 fx — B /i). 

•’* But not the same structure, for, as in mammals generally, the red corpuscles in the camel tribe 
are non-nucleated. 

^ Proc. Roy. Soc. 1842 ; Proc. Zool. Soc. 1873 and 1875. 
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found no constant difference, the average diameter of the erythrocyte being 7*8 /a. 
The corpuscles of many mammals, notably the dog among the common domestic 
animals, approach so nearly in size to the human blood-corpuscles as to be 
practically indistinguishable from them. 

When viewed singly by transmitted light the erythrocytes do not appear red 
but merely of a reddish-yellow tinge, or yellowish-green in venous blood. It is 
only when the light traverses a number of corpuscles that a distinct red colour is 
produced. 

In consequence of the concavity of the surfaces, the erythrocyte looks darker in 
the middle than at the edge when viewed with only a moderate magnifying power, 
or at a distant focus ; but the middle of the corpuscle appears lighter than the 

periphery when a close focus or a very high magnifying 
power is employed. 

The erythrocytes, when blood is drawn from the 
vessels, sink in the plasma ; they have a singular ten- 
dency to run together, and to cohere by their surfaces, 
so as to form cylindrical columns, like piles or 
rouleaus of money, and the rolls or piles themselves 
join together into an irregular network (figs. 555, 
558). The corpuscles separate on slight movement 
of the fluid, and unite again when it comes to rest. 
The rouleau-formation will take place in blood which 
has been in any way brought to a standstill within the 
living vessels as well as in blood that has stood for some hours after it has been 
drawn, and also when the corpuscles are immersed in serum in place of liquor 
sanguinis. 



Fig. 568. — Rkd corpuscles 

COLLECTED INTO ROLLS. 

(After Henle.) Magnified 
about 420 diameters. 


It was shown by Norris ‘ that discs which float completely immersed in any 
fluid will, when the fluid comes to rest, adhere together in the form of rouleaus 
provided that the surface of the discs is coated with a substance', not wetted 
by the fluid in which they float. Thus cork discs which have been weighted so 
that they neither rise nor sink in water do not adhere together so long as they are 
freely wetted by the water, but if their surfaces are cojited with a thin film of fatty 
substance the discs tend to run together into rouleaus. As it is probable (see next 
page. Structure of the Erythrocyte) that the red discs do actually possess a superficial 
film of fat-like substance, the facts pointed out by Norris suggest a reasonable 
explanation of the rouleau-formation wdiich occurs in blood that has been allowed 
to come to rest. 

Human erythrocytes, as well as those of mammals generally, often present 
deviations from the natural shape, which are due to causes acting after the blood 
has been drawn from the vessels, but which in some instances depend upon abnormal 
conditions previously existing in the blood. Thus, it is not unusual for many 
of them to appear shrunken and crenated, when exposed under the microscope 
(fig. 559, /), and the number of corpuscles so altered often increases during the 
time of observation. This is, perhaps, the most common change ; it also 
occurs whenever the density of the plasma is increased by the addition of a neutral 
salt. On the other hand, a slight diminution in the density of the plasma causes 
one of the surfaci's to be bent out, and the corpuscle then acquires a cup-like figure, 
which is sometimes seen in erythrocytes even within the blood-vessels (see 
pp. 36G, 367).'^ 

The corpuscles of the Mexican deer and some allied species present very singular 


^ Proc. Hoy. Soc. 18()2 and IHGU. See also Physiology and Pathology of the Blood, 1882. 

- It has been suggested by Hindtieisch (Arch. f. mikr. Anat. xvii. 1880) that the erythrocytes when 
first produced arc cup-shaped, and that they become mechanically moulded into the biconcave form by 
impact against one another in the blood-vessels. 
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forms in consequence of exposure ; the figures they assume are various, but most 
of them become lengthened and pointed at the ends, and often slightly bent, not 
unlike caraway-seeds (Gulliver). 

Structure of the erythrocyte. — Each red corpuscle is formed of two 
parts, a coloured and a colourless. The former is mainly a solution of hcemoglohin 
in water, but containing also certain salts, those of potassium preponderating. 
Water constitutes about two-thirds of the corpuscles ; if the water is driven off, 
about 90 per cent, of the dry residue is haemoglobin. The colourless part of the 
corpuscle (the so-called stroma of Rollett *), which is in by far the smaller 
quantity, consists of a containing membrane, composed of various substances, 
chief among these being nucleo-proteids such as are found in ordinary cytoplasm. 
In addition there are always present lecithin and cholesterin, which are also 
constant constituents of cytoplasm. These are 
believed by Overton to form the surface-layer of 
cell-protoplasm through which osmotic effects are 
produced (see p. 11). In the erythrocyte there is 
reason to believe that they form a thin film on the 
surface of the membrane (see next page). 

If water be added to a preparation of blood under 
the microscope, the water is imbibed and the con- 
cave sides of the corpuscle become bulged out so that 
it is rendered globular (fig. 559, a-d). By the further 
action of water the haemoglobin is dissolved out of 
the corpuscle,*^ and the colourless part or stroma 
remains as a faint circular outline (c). This simple 
experiment conclusively shows that the corpuscle is 
composed of a membrane or external envelope with 
coloured fluid contents, for the above reaction is precisely the same as would occur 
by osmosis if a vesicle of the shape of the corpuscle covered by a semi-permeable 
membrane and filled with a solution containing electrolytes were placed in water. 
On the other hand it is inexplicable on the supposition that the corpuscle is com- 
posed of a uniform disu-shaped stroma permeated with coloured substance, which 
is the view originally advocated by Bruecke and Rollett, and adopted until lately 
by nearly all writers on the subject ; for if this were the case water should swell it 
out uniformly, as happens if a disc of gelatine is placed in water — the whole disc 
imbibing the water, and becoming increased in size while retaining its original 
shape. 

Further indications of the above structure are provided by the effects of 
mechanical injuries. If the corpuscles are suddenly pressed they become ruptured 
and the hiemoglobin escapes, leaving the colourless part of the corpuscle as a mere 
outline. If blood is frozen the ice-crystals which form injure the envelope, and on 
thawing the haemoglobin escapes into the serum. Electric shocks passed through 
blood, if sufiiciently strong, also injure the delicate envelope of the corpuscles. 
Dilute acids act like water, but decompose the haemoglobin into colourless protein 
(globin) and haematin, which are both dissolved by the acid. In the case of tannic 
acid, the products of decomposition are usually precipitated upon the envelope in 
the form of a small dark red coagulum ^ (fig. 559, g). Alkalies, even when very 
dilute, cause a complete disappearance of the red corpuscles, the membranes as 
well as the haemoglobin being dissolved. Ether and chloroform also produce laking 


Pia. 559. — a-Cf successive effects 
of water upon a red blood- 
corpuscle; a, corpuscle seen 
edgeways, slightly swollen ; 
6, c, one of the sides bulged 
out (cup form) ; d, spherical 
form ; e, decolorised stroma ; 
/, a thorn-apple-shaped cor- 
puscle (due to exposure) ; 
•r/, action of tannin upon a red 
corpuscle. 


1 Article ‘ Blood ’ in Strieker’s Histology, 1870. 

2 This passage of hiemoglobin out of the corpuscle, however i)roduced, is termed ‘ laking ’ of the 
blood, in consequence of the distinctive colour which it produces in a sample of blood (see p. 871). 

^ W. Roberts, Proc. Roy. Soc. xii. 1862-8. 

VOL. II. PART I. B B 
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when shaken up with blood, but do not dissolve the envelope ; they merely render 
it permeable to the hsemoglobin. The blood or serum of some animals produces 
decolorisation of the red corpuscles of others belonging to different genera. This 
is due to the presence of a special substance in the foreign blood {hcBmolysin), the 
actual nature of which has not been determined definitely.* Immunity to the 
effect may be brought about by previous injections of the foreign blood into the 
living animal, an antihoBinolysin being thus produced. Solutions of common salt, 
if stronger than 0*6 to 0’9 per cent, (according to the source of the blood), ix, 
hypertonic solutions, produce, when added to blood, crenation of the red cor- 
puscles. This is due to osmosis, the corpuscles losing water and thereby becoming 
shrunken.-^ Weaker solutions (hypotonic) tend to cause hiking. The particular 
strength of solution which causes no alteration in the corpuscles is termed 
‘ isotonic." 

The action of reagents seems to throw some light on the nature of the membrane 
of the erythrocyte. For it is not easy to understand why ether and chloroform 
should produce their particular effect unless the membrane were capable of being 
partly or entirely dissolved by them, and other reactions point to the fact that it 
is at least in part composed of lipoid substances, such as lecithin and cholesterin, 
having the physical characters of fats. It is probabh^ that the composition of the 
envelope is similar to protoplasm, and that it is covered by a superficial layer of 
lipoid. The membrane of the (‘rythrocytes becomes so altered by drying the 
corpuscles that they are then capable of being ‘ laked ’ by isotonic salt- 
solution.'* 

The suggestion that the external layer of the erythrocyte is formed of lecithin and cholesterin 
(* myelin ’) is due to Norris.^ Norris showed that fluid droplets enclosed by myelin (lipoids) 
tend to take a llattened shape, whereas when enclosed by ordinary fats they are invariably 
globular. 

Various other phenomena which have been noticed in connexion with the action of reagents 
and of varying external conditions upon the red corpuscles point to the same conclusion, viz. 
that the external pellicle of the erythrocyte is composed of a material having the character of 
lipoids. A heat of 52° C. causes the coloured corpuscles to extrude globular processes and 
beaded filaments which may attain a relatively considerable length, and eventually break off 
from the main substance of the corpuscle, forming coloiu’ed particles in the fluid. A further 
increase of temperature to 60° C. sets free the hnemoglobin, and x>roduce3 the complete disappear- 
ance of the corpuscles. Here wo may suppose the pellicle to become softened and eventually 
completely melted under the action of the increasing temperature, thus permitting of the partial 
and eventually of the complete flowing out of the contents. 

Almost any fluid which has a solvent action upon lipoids also causes an extrusion of the 
luemoglobin, sometimes with disappearance of the membrane; this is the ca.se, for example, with 
solutions of the bile salts. Dilute alcohol in the form of sherry wine was noticed by Addison 
to produce at first the extrusion of filaments like those caused by heat ; this may be supposed 
also to be duo to its attacking the pellicle. The envelopes of the corpuscles, after complete 
decolorisation with water or dilute acids, stain faintly but characteristically of the presence of 
lipoid, when treated with osraic acid. Finally, the presence of such a pellicle would, as pointed 
out by Norris (see p. 368), furnish a sufficient explanation of the otherwise obscure phenomenon 
of rouleau-formation. 

The envelope can be stained with magenta (Roberts) and with methyl violet (Schafer). Its 
softness and elasticity is shown by the manner in which the corpuscles are distorted in shape by 
currents in the fluid in which they are immersed and the readiness with which they recover their 

^ According to Gottlieb and Lefmann heBinolysin is of the nature of a lipoid, which can be extracted 
by ether from the corpuscles (Med. Kliiiik, 1907). 

^ On the osmotic effects of various solutions see Hamburger, Arcli. fiir Physiol. 1887 and 1898; 
Zeitschr. f. Biol. xxvi. 1898; Zeitschr. f. physik. Chemie, Ixix. 1909. The action of many solutions 
upon the erythrocytes depends upon the permeability of the membrane of the latter to the different 
ions which the solutions contain. Other substances produce hiemolytic effects by entire or partial 
solution of or other direct action upon the superficial membrane, the permeability of which thus 
becomes altered. 

E. C. Guthrie, Amer. Journ. Physiol, vii. 1903. 


Op, cit. 
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form. Moving organisms in the blood {e.g. trypanosomes) may often be seen to indent the edges 
of the erythrocytes, doubling in the membrane, the shape being immediately recovered when 
the organism retreats. 

It has been urged against the existence of a membranous envelope to the corpuscles that 
such an envelope when mechanically ruptured, as by pressure ui^on the corpuscles, should show 
signs of the gap through which the contents have escaped. This is by no means necessary, 
however, for in the case of a soft protoplasmic envelope 
coated with a superficial film of lipoid substance such 

as that the existence of which is here assumed, the ; ' / , 

edges would immediately tend to come together <again | 

after rupture, and would then show no indication of 

the breach of continuity. A similar explanation may j 

be given of the fact that a corpuscle may sometimes be ■ 

cut into two, as when a needle is drawn sharply across 
a preparation of newt’s blood upon a glass slide, with- 
out the coloured contents escaping from the two 
separated parts ; in this case the pressure of the needle- 
point has at the same time that it severed the corpuscle 
brought together the opposite edges of the cut envelope, 
and thus prevented the escape of the contents. The 
phenomena of a similar nature which are shown by 
soap-bubbles will bo at once recalled in connexion with 
these characteristics of the envelope of the erythrocyte. 

Blood in which the Inemoglobin has been dissolved 

out from the corpuscles has lost its opaque appearance, 

and has acquired a transparent laky tint ; the change 

depends upon the fact that the colouring-matter, when v, 

rl(t. r>(,0. -lirOOD-CHYSTALS, MAONIFIEP. 

dissolved in the scrum and torining a homogeneous , , , 

layer, interferes less with the transmission of lisht than a™’’’ . s)™" ^ hasten ‘ 

when occurring in scattered particles. If tlie ery- 
throcytes arc closely pressed together by very rapid ^ \- 

ccntrifugalisation, the corpuscular mass may appear ^ 

transparent and ‘ laky ’ even although the haimoglobin ^ V 

is still within the corpuscles.’ 'J y ^ ^ */• 

Hiemoglobin after being separated from the blood- ^ ^ V ‘ \ 

coiqmscles is ])rono to undergo crystallisation. The ^ ^ 

crystals present various forms in different animals, but % iV \k! 

almost all (the hexagonal plates of the squirrel being ^ A 

alone excepted) belong to the rhombic system. From / A h 

human blood and that of most mammals, the crystals ^ ^ ^ 

are elongated prisms (fig. 560, 1), but they arc tetra- - \ 

hedrons in the guinea-pig (2), and short rhombohedrons ■ if /* ^ 

in the hamster (4). They are most readily obtained ^ ^ 

for microscopical examination from the blood of the ^ ^ ^ ^ 

rat, where they appear merely on adding a little water, ' T 

and afterwards evaporating. The crystalline forms 

which may be obtained from various animals have Fio. 561 . — H.kmin chystals, magnified. 
been exhaustively studied, with the aid of photogra])hs, (From Preyer.) 

by Reichert and Brown.' 

Other coloured crystals which may be obtained from blood are the ‘ haemin crystals ’ of 
Teichrnann and the ‘ hiematoidin ’ crystals of Virchow. The former are produced when haemo- 
globin is warmed with a little salt and glacial acetic acid. On cooling, the hiernin crystallises 
out in minute reddish-brown acicular prisms (fig. 501), the demonstration of which affords a 
positive proof of the presence of blood-colouring matter. TTiese crystals may readily be 
obtained from dried blood (which of course contains .salt) merely by warming it with glacial 
acetic acid. 

Hiematoidin crystals are found within the body in old extravasations of blood. They are 
dark brown rhomboidal crystals having the chemical characters of bilirubin. 

The amount of hamioglobin in each corpu.scle, which is liable to variation, may be approxi- 
mately arrived at by determining both the number of corpuscles and the amount of haemoglobin 

’ See on the laking of blood, G. N. Stewart, Journ. Physiol, xxiv. 1899. 

^ E. T. Reichert and Amos T. Brown, The Crystallography of Haemoglobins, Philadelphia, 1009. 

B B 2 


V 






s 


-H.EMIN eilYSTALS, MAGNIFIED. 
(From Preyer.) 



372 


THE BLOOD 


in a given volume of blood. The amount of haemoglobin is estimated by diluting a sample of 
blood with a known quantity of water, and comparing the tint of the solution so obtained with 
that of a solution of haemoglobin of known strength. A convenient means of quickly obtaining 
an idea of the amount of haemoglobin in a sample of blood is afforded by the Gowers-Haldane 
haemoglobinometer, which is arranged on the above principle. 

Structure of the erythrocytes of the lower vertebrata. — The 

corpuscles of oviparous vertebrates differ from the mammalian corpuscles not only 
in their shape but also in the possession of a nucleus (figs. 556, 557). This is rather 
more than one-third the length of the corpuscle, but in the natural unaltered 
condition is visible with difficulty, owing to the fact that it possesses very nearly 
the same index of refraction as the rest of the corpuscle. The corpuscle is other- 
wise composed, like that of the mammal, of an envelope enclosing fluid coloured 
contents. 

The effect of most reagents on the erythrocyte of ovipara is similar to that 
produced on the mammalian corpuscle. Hypertonic solutions of salt cause a 
manifest wrinkling of the envelope. Water causes both corpuscle and nucleus to 

swell up, the coloured part being eventually 
discharged. A dilute solution of acetic 
acid in an indifferent fluid also causes dis- 
charge of the colouring-matter, but the 
nucleus is shrunk and rendered very distinct 
(fig. 562, 3); if strong acetic acid be employed, 
the nucleus often acquires a reddish tint 
from deposition of hoomatin upon it. Alkalies, 
on the other hand, even when very dilute, 
rapidly dissolve both corpuscle and nucleus. 
Various reagents cause the coloured part of 
the corpuscle to become partly withdrawn 
from the envelope, and collected around the nucleus ; this is especially the case 
with a solution of boric acid, which when mixed with newt's blood may eventually 
cause the coloured matter and nucleus (the so-called ‘ zooid ' of Bruecke) ‘ to be 
altogether extruded from the rest of the corpuscle (‘ oecoid '). 

The envelope of the erythrocyte of oviparous vertebrates is much thicker and 
more distinct than that of mammals. In some forms it appears to be strengthened 
by a band of fibrils which extends round the circumference of the ellipse 
(fig. 563, A), just within the rounded angle formed by the junction of the biconvex 
surfaces of the corpuscle.’^ These fibrils can also be seen in sections across the 
corpuscle (fig. 563, B).^ 

The nucleus of the erythrocyte of ovipara resembles an ordinary cell-nucleus. 
It contains a close chromatin network (fig. 564). The erythrocytes of the adult 
appear to have lost the power of cell-division, but in larval amphibians mitotic 
division of the erythrocytes is frequent, and forms one of the best objects for the 
study of the process (see fig. 79, p. 47). According to Bryce, a centrosome only 
makes its appearance at the commencement of karyokinesis : it may, however, 
be present beforehand, concealed within the nucleus. 

The view that the erythrocyte, both of mammals and oviparous vertebrates, is composed of 
a solid jelly-like stronia permeated with haemoglobin was until recent years almost universally 
held, and the colourless portion, after extrusion of the haemoglobin solution, is still often spoken 

' Wiener Sitzungsb. 18()7. 

Mevea, Anat. Anz. xxiii. 1903; xxv. 1904; xxvi. 1905; and xxviii. 1906. Soo also A. Smimow, 
ibid. xxix. 1906. Meves describes besides the circumferential fibrils a peculiar radial marking at the 
margin of the erythrocytes of some amphibia. The appearance of circumferential fibres has been also 
noticed by Dtdiler in the bird (Arch. f. mikr. Anat. xlvi. 1895), by M. Heidenhain in Proteus, and by 
Nicolas in reptiles and amphibians. 

T. H. Bryce, Trans. Hoy. Soc. Edinburgh, 1904. 



Fig. 66‘2.— Red corpuscles of the frog 
(From Wagner.) Magnified 500 diameters. 

1, shows their broad surface ; 2, one seen 
edgeways; 3, shows the effect of dilute acetic 
acid ; the nucleus has become distinct. 
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of under that name. But since the erythrocyte behaves in every way physically like a solution 
of haemoglobin associated with electrolytes and enclosed by a semi-permeable membrane and in 
no way like a membrane-less jelly, the stroma 
theory must be definitely abandoned. The facts 
and arguments which have been given against 
this theory and in favour of the membrane 
hypothesis were originally stated in the 10th 
edition of this work (1891) and are discussed in 
connexion with the mammalian erythrocyte 
(pp. 369 to 371).‘ G. N. Stewart,^ who admits 
a lipoid membrane, thinks the hjemoglobin is in 
form of a ‘ gel ’ in combination with the con- 
stituents of the ‘ stroma. ’ But if the erythrocytes 
are watched as they move along the capillaries 
or even as they are moved about in a micro- 
scopic preparation of blood, it is impossible not 
to conclude that their contents must be entirely 
fluid. This conclusion is strikingly confirmed 
in the corpuscles of ovipara by the readiness 
with which the nucleus becomes displaced even 
in a perfectly fresh preparation (fig. 684, p. 389). 

Formation of red blood-corpuB- 
cles."^ — A. In the mesoderm of the 
early embryo. Blood-corpuscles make their appearance very early in the embryo, 
simultaneously with the formation of the earliest blood-vessels ; they arc in fact 
formed from some of the same cells (angioblasts) which produce the endothelium of 
the blood-vessels. These cells appear in the mesoderm of the yolk-sac, and groups 
of them arc first visible to the naked eye as isolated reddish spots (‘ blood-islands * 
of Pander) which are seen in a circular area of the blastoderm (area vasculosa) sur- 
rounding the embryo, outside the body of which they are therefore first formed ; 
later they make their appearance in the embryo proper. After a time the isolated 
spots are seen to have grown together to form a network of 
vessels in the vascular area, and this to have become con- 
nected with the simple tubular heart which by this time is 
developed at the head-end of the embryo. The angioblasts 
are at first branching cells, not unlike the rest of the mesoderm 
(mesenchyme) cells, with which, according to Maximow, they 
are identical (fig. 565). They unite with one another to produce 
an irregular protoplasmic network (syncytium, fig. 566) . Their 
nuclei divide by karyo kinesis, faster at some parts than others, 
and at such places the protoplasm accumulates around them 
and forms groups of rounded cells producing enlargements, 
usually at the nodes of the network. Within these enlargements the protoplasm 
of the accumulated cells becomes coloured by the formation of hsemoglobin, so that 
coloured nucleated cells {'primitive erythrohlasts) arc thus produced (fig. 566). The 
rounded cells, whilst still colourless, are primitive blood-cells (hcemoblasts). 

According to the account which Maximow * gives oi the development of the blood in the 
rabbit-embryo, all the primitive blood-cells do not become primitive erythroblasts, but some 
remain uncoloured, and these, which are of the nature of lymphocytes {primitive lymphocytes, 
lymphoblasts), by division give rise both to other lymphocytes and primitive erythroblasts. 

1 Albrecht and others have arrived at a similar conclusion. See Weidenreich, Merkel and Bonnet’s 
Ergebnisse der Anatoinie, 1904, also Schafer, Anat. Anz. xxvi. 1905. 

^ Amer. Journ. Physiol, viii. 1902. 

5 The following articles contain the literature of the subject up to their respective dates : A. NoU 
‘ Formation and Regeneration of Red Corpuscles,’ Ergebn. d. Physiol. 1903 ; J. Sieman, ‘ Die 
blutbildenden Organe’ ibid. 1904; A. Goodall, Journ. Path, and Boct. xii. 1908. 

^ Arch. f. mikr. Anat. Ixxiii. 1909. 
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Fig. 663. — Erythrocytes op lepidosiren 

LARVA, FIXED WITH FLKMMING’S SOLUTION 
AND STAINED WITH IRON - H.EMATOXYLIN. 


(T. H. Bryce.) 

Ay as seen on the flat ; By in section. In A 
tho fibrils around the edge are visible as fine 
lines parallel to the margin of the corpuscle. 
In B their sections are seen as fine points just 
within the thinnest part of the edge. 
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but in the rabbit-embryo of thirteen or fourteen days (Maximow) they are accom- 
panied by primitive disc-shaped erythrocytes which are said to differ in certain 
particulars of size, amount of haemoglobin, &c., from the definitive red discs. Whether 
this is so or not, they are formed from the primitive erythroblasts in the same way 
as the definitive erythrocytes from their erytliroblasts, viz. by loss of the nucleus and 
moulding of the corpuscle into the discoid shape. Later, erythroblasts of large size 
{megaloblasts,fLg, ^68, a, a') and others which are smaller (normoblasts,!), b'), and are 
formed from the megaloblasts by division, make their appearance. The megaloblasts 
are developed from the primitive blood-cells or luemoblasts. From the normoblasts, 
by atrophy or extrusion of their nuclei, definitive erythrocytes like those of the 
adult are produced. Having once appeared, these rapidly increase in number, 
and soon form the bulk of the red corpuscles. Before the end of intra-uterine life 



Fig. 567.“Development of blood-corpuscles in vascular area of rabbit. (Maximow.) 

m, m*, in', meaenchynio-colls (one shown in mitosis) ; en, endothelial cells ; v, cavity of 
developing vessel ; I, I, lymphoblasts ; c, c, primitive erythroblasts; c', a primitive erythroblast 
in mitosis. The cells described as lymphoblasts by Maximow in this and the succeeding figures 
are probably hfiBmoblasts. 

erythroblasts have generally vanished from the blood and are restricted to the 
bone-marrow, as in the adult. 

According to Griineberg,^ in the foetus up to the seventh month there are still 
many erythroblasts (normoblasts) in the circulating blood, and karyokinetic figures 
are common within them. After the eighth month erythroblasts are rarely seen 
except in the blood-vessels of bone-marrow. Prior to the seventh month leuco- 
cytes are relatively abundant, and still consist mainly of lymphocytes. During 
the seventh month polymorph and granular leucocytes appear, and the former 
soon become numerous. 

After the blood-vessels with their contained blood-corpuscles are once formed, 
they become extended by sprouts from the pre-existing capillaries. The sprouts 
are at first composed throughout of protoplasm, except that they may contain 
nuclei in process of karyokinesis. They become hollowed out by an extension 
into them of the lumen of the capillary from which they spring. 

^ Medic, naturwiss. Arch. i. 1908. 
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The development of blood -corpuscles in isolated patches in the vascular area of the chick 
was first recognised by Pander.’ Remak * and KoUiker* described the first vessels in the 
vascular area of the chick as originating in the form of a solid cord of mesodermic cells, arranged 
so as to form a network ; the peripheral cells of tho vascular cords becoming flattened and forming 
the epithelium of the vessels, whilst the centrally placed cells become directly converted into 
blood-corpuscles, acquiring colour first of all at certain points — the blood-islands of Pander — 
and fluid accumulates between them to form tho liquor sanguinis. W. His * stated that the 
blood-vessels within the body of the embryo originate as ingrowths from these vessels of the 
vascular area, which are themselves produced not from the ordinary cells of the mesoderm, but 
from special cells (parablast-colls of His) near the periphery of the blastoderm, which give origin 
not only to blood and blood-vessels, but to the connective tissues generally. Strieker ^ described 


the yolk-sac of 

FiU.''6(38.— PaUT OF A BLOOD-VESSEL FROM THE YOLK-SAC OP 


THE UABBIT-E^lfinYO. HHOW- 

THE RABBIT-EMBRYO, SHOW- 


ING THE CELLS WHICH ARE CONCERNED WITH THE FORMATION OF ERYTHROCYTES. 
(Maximow.) 


Uy mogaloblasts ; a\ one in mitosis ; h, normoblasts, some becoming transformed into erythro- 
blasts ; //,oiio in mitosis; c,erythrobla8ts; the nuclei of these are less chromatic and in one or 
two have almost disappeared; d, an erythrocyte fully formed but nob discoid; cn, endothelial 
cells; /, lymphoblasts; k, a divided erythroblast ; w, erythroblasts somewhat shrunken 
and with atrophying nucleus ; n\ a nucleus which has been extruded. 


the formation of blood-vessels by the hollowing out of connective-tissue colls, and AfanasiefI “ 
and Klein ^ stated that the blood-islands of Pander are hollowed -out cells, in the interior of which 
blood-corpuscles make their appearance, and that the containing cells become the first blood- 
vessels. Klein’s account was followed, and in some particulars modified, by F. M. Balfour.” A 
similar account of tho formation of vessels and blood-corpuscles from a syncytium of mesenchyme- 
coils in the vascular area of mammals, derived from observations upon the embryo of the guinea- 
pig, was given in former editions of this work. 

According to Maximow in the rabbit” and Dantschakoff in the chick,'® the blood-islands 


’ Entwickl. d. Hiihnchens im Ei, 1817, 

5 Gewebelehre, Transl. by Busk and Huxley, 1868. 
’ Wiener Sitzungsb. 1866-6. 

Ibid. 1871 ; and Quart. Joum. Micr. Sci. 1872. 

® Op. cit. 


» Entwickl. d. Wirbelth. 1861. 
* Untersuchungen, &c., 1868. 
« Ibid. 1866. 

Ibid. xiii. 1878. 

Anat. Hefte, xxxviii. 1909. 
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are formed originally of groups of mesenchyme-cells which are not at any time fused together 
into a syncytium. The central cells of the groups become primitive blood-cells ; these multiply 
and give rise to erythroblasts (and to lymphoblasts, according to Maximow) ; the peripheral 
cells differentiate into endothelium. Some of the groups of erythroblasts which appear 
as blood-islands may not at first be enclosed by endothelium, but are said by Maximow to lie 
free in the mesoderm (fig. 670). 

Primitive erythroblasts of megaloblastic type were noticed by Goodall ' in the sheep-embryo, 
and found by him everywhere in the embryonic tissues, where they freely proliferate. He derives 
them as well as the primitive lymphocytes (which, as ho believes, ultimately give origin to all 
varieties of leucocytes) from mesenchyme-cells. The primitive erythroblasts have in the rabbit, 
according to Maximow, no genetic relation with the definitive 
erythroblasts and erythrocytes, which are produced in the ' 
following manner (fig. 568) : 

The definitive erythroblasts are developed from primitive 
lymphocytes or lymphoblasts which enlarge to form amoeboid 
basophil lymphocytes ; these divide two or three times. The 
resulting corpuscles when seen within the vessels of the 
vascular area are usually in groups of sister-cells (a), all very 
much alike, of spherical form, about 8-9 /a in diameter, 
without pseudopodia and with relatively large nuclei and 
little protoplasm, which is not now markedly basophil. The 
protoplasm becomes increased in amount and coloured by 
haemoglobin, but not intensely — it is polychromatic ; the 
nucleus has more chromatin than that of the primitive 
erythroblasts. ‘ In this condition the cells again multiply by 
mitosis. They resemble, in the appearance of their nuclei, in 
the poly chromatism of their protoplasm, and in their relatively 
small amount of haemoglobin, those cells of the bone-marrow 
which have been termed megalohlasiSy although they are 
not nccessfirily of largo size. By division they give rise 
to normoblasts (6) — cells which are somewhat loss in size 
(7*3 iu), contain much more haemoglobin and smaller, highly 
chromatic reticular nuclei, without nucleoli; these cells also 
exhibit typical mitoses (A;). The cells produced by their division, 
of which the nuclei become much smaller and the protoplasm 
almost wholly converted into a solution of haemoglobin, are 
the primitive erythroblasts (c). To produce the erythrocytes the 
erythroblasts lose their nuclei, wliich become atrophied and 
eventually extruded (fig. 509, a), whilst the coloured cytoplasm 
remains and becomes moulded to form the biconcave blood- 
disc. According to some authors the nuclei are not extruded, 
but atrophy within the coll. The first embryonic blood-discs 
are rather larger than those of the adult and less regularly 
biconcave (fig. 568, d). 

The vessels within the embryo are formed independently 
of those of the yolk-sac, and are not merely, as was at one 

time supposed, an ingrowth from the vascular area. Within the embryo primitive haemo- 
blasts also develop, according to Maximow, from mesenchyme -cells, both inside and outside 
developing blood-vessels. From them are developed, as in the vascular area, lymphoblasts and 
erythroblasts, and from the latter erythrocytes. 

In the guinea-pig the distinction which in the rabbit is found between primitive and 
definitive erythroblasts does not seem to obtain,^ neither was it found by Dantschakoff in the 
chick. ^ 

Some of the lymphocytes are stated by Maximow to become altered in structure and converted 
into polymorphs and myelocytes, but this is contested by other authorities, who hold that the 
granular blood-cells are developed from special mesenchyme -elements (myeloblasts), which 
later become restricted chiefly to bone-marrow.® Regarding the early appearance of leucocytes, 



Fig. 609. — Development op 

HLOOD-COBPUSCLES IN RABBIT. 

{ Maximow.) 

G, an erythroblast, with the 
Hhrunken nucleus becoming ex- 
truded ; 6, an enlarged erythro- 
blast, the nucleus of which is 
undergoing division into four ; 
c, endothelial cells showing ex- 
crescences of protoplasm coloured 
by heemoglobin. 


^ Journ. of Path, and Bact. xii. 1908. ^ Op. cit. 

^ Niigeli, Verhandl. d. Kongr. f. inn. Med. 1906; Scott, Journ. Path, and Bact. 1906; Schridde, 
Ziegler’s Beitr. xli. ‘ Maximow, oj). cit. Anat. Hefte, xxxvii. 1908-9. 

« Cf. Engel, Arch. f. mikr. Anat. liii. and liv. 1899 ; Gulland, Folia heematologia, iii. 1906; Niigeli, 
Verhandl. d. Kongr. f. inn. Med. 1900; Pappenheim, Folia hsemat. Bde. iii. iv. v. 1906-8; Schridde, 
Ziegler’s Beitr. xli. 1907. See also p. 391. 
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differences seem to exist in different animals. The account above given mainly follows the 
observations of Maximow upon the development of blood-corpuscles in the rabbit-embryo. But 
Jolly and Acuna * found no leucocytes in the blood of guinea-pig embryos of less than sixteen days, 
and it is certain that crythroblasts make their appearance in the vascular area of these animals 
very early. In fact, the view has been held by most authorities that the white corpuscles of the 
blood are of later formation in the embryo than the (nucleated) red corpuscles, and that they are 
produced outside the vessels, into which they eventually penetrate by virtue of their amoeboid 
activity.'** Engel * found in the human embryo at first only crythroblasts in the vessels, 
lymj)hocytes appearing subsequently ; and, about the third month, polymorphous leucocytes. 
Many of the erythroblasts have disappeared from the blood by the third month, ‘ having given 
place to erythrocytes which are larger than those of the adult. Bryce describes in Jjepidosiren ^ 
both leucocytes and erythroblasts as developing from primitive blood-cells, destitute of coloured 
protoplasm ; and a somewhat similar account is given by Dantschakoff ® for the chick. Similarly 
Dantschakoft ’ finds that in the reptile the primitive blood-cell in the vascular area is a haemo- 
blast, resembling a large lymphocyte, which gives origin to all blood-cells. But within the 
blood-islands only erythroblasts (and erythrocytes) are formed from this cell, the leucocytes being 



Fig. 570. — Groups of primitive erythroblasts in mesoderm of 

EMBRYO-RABBIT. (MaximOW.) 

rt, normoblasts ; b, h\ erythroblasts ; 6", extrusion of nucleus from an erytliroblast ; 
rn, mesenchyme-cells ; mesenchyme-cells containing heemoglobin ; w, an extruded 
nucleus; /J, an erythrocyte. 

produced outside the vessels and finding their way into them only later. This is like the account 
the same author gives of blood-formation in the chick, and is said by Maximow to be true 
also for Amphibia, although in Solachia he finds some of the cells in the blood-islands developing 
into leucocytes. 

Schridde^ describes the erythroblasts as appearing in the first instance in the form of 
megaloblasts (large cells containing relatively little haemoglobin and a basophil protoplasm) from 
which by division other erythroblasts (normoblasts) become formed ; he states very positively 
that in the process of conversion into erythrocytes the nucleus is not extruded but absorbed. 
Schriddo denies that the primitive blood-cells are of the nature of lymphocytes, but regards them 
as myelocytes, and asserts that they give origin to all other kinds of leucocytes except lympho- 
cytes, which according to him are formed later, after the development of the lymph- vessels, and 
by a process of budding from the endothelium of these vessels.® 

’ Arch, d’anat. microsc. vii. 1905. Also Jolly, ibid, ix. 1907. 

“ Cf. Kolliker, Haudbuch der Gewebelehre, 1889 ; Van der Strichfc, Arch, do bid. xi. and xii. 1891, 
1892; C. r. soc. biol. 1895; Bull, de I’acad. roy.de Belgique, 1899. See also former editions of this 
text- book, where the earlier literature is referred to. 

^ Arch. f. mikr. Anat. liii. 1899. 

‘ See, however, the statement of Griineberg (p. 875). 

^ Trans. Roy. Soc. Edin. 1904. o Op. cit. 

' Verhandl. d. anat. Gesellsch., Anat. Anz. 1910. ^ Centralbl. f. Path. xix. 1908. 

® Cf. W. Tiirck, ibid., and J. E. Jordan, Anat. Anz. xxxvii. 1910. 
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The genetic relationship which obtains between the blood-elements is tentatively shown in 
the following scheme : 


Haemoblast (mesenchyme-cell) 

1 i i 

Primitive cry thro blast Megaloblast Lymphoblast 

. . I . I I 

Primitive erythrocyte Normoblast Lymphocyte 

Erythroblast Ijeucocy te 

Erythrocyte 

B. Formation in the liver. When the liver begins to develop it becomes 
an important source of production of blood-corpuscles. These are formed (fig. 571) 


Myeloblast 

I 

Myelocyte 

Leucocyte 



FlO. 57I.--F0BMATION OF ERYTHROBLASTS IN LIVER OP EMBRYO-RABBIT. (Maximow.) 

en, en\ en*\ endothelial cells of vessels (one of these, en'\ contains a large hiemo- 
glob in-coloured globule); o, mcgaloblasts; a', megaloblast in mitosis ; 6, normoblasts ; 
c, erythroblasts ; /, lymphoblasts ; lymphoblast in mitosis ; //, hepatic cell ; n, a 
nucleus becoming extruded from a small erythroblast. 


by multiplication of the hieniobhists and erythroblasts which are circulating 
within its sinus-like vessels,’ partly, perhaps, from primitive blood-cells which are 
derived from its mesenchyme and which wander into these sinuses and there 
undergo development into erythroblasts and leucocytes.^ Some are described as 

^ Kostanecki, Anat. Hefte, i. 1891 ; Saxer, ibid. vi. 1896 ; Maximow, op. cit . ; Jordan, op. cit, 

* Maximow {op. cit.) states that such changes occur outside the vessels in the liver tissue. A similar 
statement is made by Mollier, Arch. f. mikr. Anat. Ixxiv. 1909 
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budding off from the endothelium of the blood-channels. The development of 
blood-corpuscles in the liver ceases about fourteen days after birth. ^ 

In the liver and other organs in which blood-corpuscles are being developed there are con- 
stantly found large nucleated giant-cells (megarokaryocytes) similar to those which are well known 
in bone-marrow ; ■'' their function is unknown. According to Kuborn ® these giant-cells which 
are found in the embryonic liver play an important part in the formation of blood-corpuscles. 
Another common phenomenon is the appearance of masses of haemoglobin within the protoplasm 
of the endothelium of embryonic blood-vessels and of certain mesenchyme-cells. This is gener- 
ally explained by supposing that the haemoglobin has been derived from erythroblasts or erythro- 
cytes which have been taken into the cells in question by phagocytosis. But it is by no means 
certain that it has not become formed within the cells where it is found. One would expect haemo- 
globin masses which have beeh phagocytically ingested and arc in process of disintegration to 
exhibit signs of transformation into haematoidin, as is always the case when blood-corpuscles 
are ingested by phagocytic leucocytes (spleen, old extravasations), but such changes are not 
noticed in the embryo (sec also on this subject p. 382). Moreover, it is difficult to see any 
reason for the occurrence of such phagocytosis in developing tissues, in which formation and 
not destruction of haemoglobin is actively proceeding. On the other hand there is no improba- 
bility in supposing that in these situations other cells than those which are bodily transformed, 
with extrusion or atrophy of their nuclei, into erythrocytes, may share in the jiroccss of haemo- 
globin formation, and the haemoglobin -in filtrated cytoplasm may become budded oil from the 
cell in which it has been produced. Such budding off of coloured cytoplasm from an endothelium - 
cell of a blood-vessel is depicted by Maximow in fig. 569, c, and fig. 571, en". 

C* Formation in the spleen. The embryonic spleen shows all the appear- 
ances of a hsemoblastic organ, although, according to Goodall,** at a later stage than 
the embryonic liver and [marrow. Giant-cells are numerous in it, and lympho- 
blasts and erythroblasts — both frequently exliibiting mitoses — occur abundantly. 
As in the case of the liver, this luemapoietic function — at least as regards the 
coloured blood-corpuscles — becomes lost after birth ; but it has been shown 
that in some animals, after a severe ha>morrhage, the spleen may in part resume 
its property of acting as a nidus for the development of erythrocytes. On the 
other hand, the formation of lymphocytes by proliferation goes on throughout life 
in the Malpighian corpuscles (lymphoid tissue) of the organ, although as regards 
the erythrocytes the spleen-cells seem rather to have assumed a destructive role, 
as is evidenced by the inclusion within them of red corpuscles in every stage of 
disintegration. 

D. Formation In connective tissue. In later embryonic life, after the 
disappearance of erythroblasts from the blood, the formation of erythrocytes may 
continue in the connective tissue, in the interior of cells which are in process of 
development into blood-vessels. But at this stage the erythrocytes are produced 
at once in a non-nucleated condition : they are formed within the protoplasm 
of the vaso -formative cell, which becomes coloured in places and differentiated 
into (‘rythrocytes. The details of the process arc as follows : 

A part of the protoplasm of the cell becomes infiltrated with hiemoglobin 
(fig. 572, h), and after a time the coloured substance becomes condensed in the 
form of globules (Ji') within the cells, varying in size from a minute speck to a 
spheroid of the diameter of a blood-corpuscle, or even larger ; but gradually the 
size becomes more uniform (fig. 572, A"). Some parts of the embryonic connective 
tissue, especially where a vascular tissue, such as the fat, is about to be developed, 
are studded with cells like these, occupied by a number of coloured spheroids. After a 
time the cells become elongated and pointed at their ends, and processes grow out 
to join prolongations of neighbouring blood-vessels or of other similar cells. At the 
same time vacuoles form within the cytoplasm (fig. 572, A'), and becoming enlarged 
coalesce to form a cavity filled with fluid, in which the reddish globules, which are 

> Kostanecki, Anat. Hefte, i. 1891. 

^ Anat. Anz. v. 1890. 


Saxer, Anat. Hefte, vi. 1896. 
•* Op. cit. 
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now becoming disc-shaped, float (fig. 572, a, h). Finally the cavity extends through 
the cell-processes into those of neighbouring cells, and a vascular network (fig. 572, d) 
is produced ; this becomes eventually united with pre-existing blood-vessels, so 
that the blood-corpuscles which have been formed within the cells in the manner 
described, get into the general circulation. 

This ‘ intracellular ' mode of development of red blood-corpuscles ceases in most 



Fig. 572.— Development of vaso-formative connective-tissue cells into 

BLOOD-VESSELS. (Schiifer.) 


h, a cell containing hnemoglobin in a diffused form in the protoplasm; h\ one containing 
coloured globules of varying size, and vacuoles ; a coll filled with coloured globules of nearly 
uniform size ; /, /, developing fat-cells ; a, an elongated cell with a cavity in its protoplasm 
occupied by fluid and by blood-corpuscles which are still globular ; 6, a hollow cell, the nucleus 
of which has multiplied. The new nuclei are arranged around the wall of the cavity, the 
corpuscles in which have now become discoid; c, shows the mode of union of a ‘ liremapoietic ’ 
cell, which in this instance contains only one corpuscle, with the prolongation {bl) of a 
previously existing vessel ; d, isolated capillary network formed by the junction of several 
vaso-formative cells; jp, protoplasmic extensions growing out from the network (6, from a 
foetal sheep ; the remainder from the new-born rat). 

animals before birth, although in those which are born very immature it may 
be continued for a short time after birth. Subsequently, although new vessels are 
formed in the same way, blood-corpuscles are not produced within them. 

The production of red blood-discs in the interior of cells of the connective tissue was first 
noticed in the subcutaneous connective tissue of the new-born rat, and subsequently in the 
embryos of a number of different animals.' Similar observations were made independently 
by Ranvier — who termed the connective- tissue cells concerned in the process ‘ vaso-formative 


' Schafer, Proc. Roy. Soc. 1874. 


* Arch, de Phys. 1874. 
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cells ’ — as well as by Leboucq ' and others.' It has been supposed by some reeent writers on 
the subject, who have otherwise ronfirmed the observation,’ that the intraecllular formation of 
erythrocytes as above described is really an instance of the reverse process — viz. an atrophy 
of already formed blood-vessels and a breaking down of the eontained blood -eorpuscles by phago- 
cytosis — and it is obvious that the series of appearances described can be read both ways. 
But there are difficulties in the adoption of this view. For, in the first place, the appearances are 
always seen where development is progressive and where blood-vessels need to be formed — as 
in growing adipose tissue — rather than whore they are likely to bo in process of removal. And, 
secondly, there is never to bo detected within these vaso -formative cells any sign of the 
formation of crystals or of pigmentary matter, such as is always seen in cases of intracellular 
disintegration of erythrocytes — e.g, in the adult spleen. 

S. Formation in bone-marrow. The marrow of the bones differs consider- 
ably in structure in different situations. Within the shaft of the long bones in 



Fio. 578.-~Section op red marrow. (Carnegie Dickson.) 
Magnified 45 diameters. 


man it is largely composed of adipose tissue, but the fat-c*ells are supported by 
rc'tieular tissue, and between tliem elements occur similar to those immediately to 
be mentioned in the red marrow. In many short bones, and cancellated ends of 
long bones, but especially in the cranial diploc, the bodies of the vertebra), the 
sternum, and the ribs, the marrow is red or reddish in colour, and contains fewer 
fat-cells (tigs. 573, 574, and accompanying Plate). While, however, the fat-cells 
are scanty in the red-coloured marrow, it contains numerous other cells — the 
mar r 07V -leucocytes or myelocytes (m, m!* of accompanying Plate, and 23 to 26 

on Plate opposite p. 387). These in general appearance resemble blood- 
leucocytes. Like blood-leucocytes they show variations in the granules contained 
in their cytoplasm. Some have only fine granules which are either neutrophil or 
oxyphil : these resemble the lymphocytes of the blood, and like them vary greatly 

’ Bull. d. 1. soc. m6d. de Gaud, 1875. 

^ Wissosky, Arch. f. mikr. Anat. xiii. 1877 ; Kuboni (in liver), Anat. Anz. v. 1890; Nicolaides, Arch, 
f. Physiol. 1891. 

' Spuler, Anat. Hefte, vii. 1896 ; Saxer, ihid, vi. 1896 ; H. Fuchs, ibid. xxii. 1903 (the literature is 
given in this article) ; P. Pardi, Arch, di Anat. e Embriol. viii. 1909, 





Section of red marrow from femur of young rabbit. Haematoxylin-eosin. 
Magnified 400 diameters. (Schafer.) 
ordinary (amphophil) myelocytes; m\ myelocytes in mitotic division; 
myelocytes with eosinophil granules ; myelocytes with basophil 

f ranules; meg, a giant-cell or megakaryocyte; e, erythrocytes; e', erytnro- 
lasts; €'% erythroblast in mitosis; I, polymorph leucocytes; r, reticular 
tissue, at /, f, outlining parts of fat-cells. 
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in size. Others have coarse oxyphil granules and others coarse basiphil granules 
like those in the mast-cells of connective tissue. There are also myelocytes which 
are highly amoeboid and phagocytic : these have a lobulated nucleus and resemble 
the polymorph leucocytes of the blood. All the varieties of myelocyte are held by 
some authors to be derived from the blood-lymphocytes ; others look upon them 
as independent, and as furnishing the source of the granular and polymorpli blood- 
leucocytes. 

Myelocytes have occasionally been noticed to contain one or more red corpuscles 
in their interior (Osier) : these are phagocytic cells, and the erythroblasts within 
them are probably in process of transformation into pigment-granules. Cells 
containing reddish pigment-granules are, indeed, not uncommon. 

There further occur in the marrow of growing bones numerous large multi- 
nucleated cells (osteoclasts of Koliiker) (figs. 259, 260), which appear to be more 



Fkj. 574.— Section of ked maruow. (Carnegie Dickson.) 

Magnified J300 diameters. The clear spaces are due to the presence of fat-cells. 

especially concerned with the process of absorption of bone, under which head 
they liave been already alluded to (p. 169). But in the adult marrow other giant- 
cells (myeloplaxes of Robin) are met with (see Plate), which vary much in 
size, but are always larger than the proper marrow-cells. Their nucleus is not 
usually multiple, but it is enlarged — hence the term megakaryocyte which has 
been applied to these cells — and presents indications of subdivision (fig. 575) ; it 
may even be so constricted as to exhibit an irregularly moniliform appearance. 
Frequently it is horseshoe-shaped, and not infrequently annular. The protoplasm 
of the megakaryocyte is usually oxyphil, and shows a differentiation into three 
zones (M. Heidenhain) (fig. 576). According to Schridde the megakaryocytes are 
amoeboid, but not phagocytic, and the granules they contain are not identical 
with those of the leucocytic myelocytes. He believes that there is no genetic 
connexion between the giant-cells and leucocytes of marrow. 

As M. Heidenhain has shown, the megakaryocytes have a number of centrioles, 
as well as a large number of nucleoli. Their centrioles may be accumulated 
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near together or distributed over a considerable area of the protoplasm. When the 
nucleus is annular they lie in the middle of the ring, when horseshoe-shaped, in the 
centre of the curve. These cells are generally stated to divide amitotically ^ and 
thus to break up into polymorph myelocytes, from which it is thought they have 
been originally derived.^ 

Giant-cells of this character are often met with in places where blood-corpuscles 




are in process of development, 
although it is not understood 
what relationship, if any, they 
bear to the process of hsema- 
genesis. 

Amongst the myelocytes and 
megakaryocytes are smaller cells 
which have a reddish colour, and 
resemble the primitive nucleated 
red corpuscles of the embryo 


Fio. 575 . — Ckllh with irregular lobed nuclei from 
BONE-MARROW OF RABBIT. (M. Hcidenhaiii.) 


(Plate, c,' e") ; these are the erythro- 
blasts, which are concerned in the 


formation of the red blood-discs, and are perhaps themselves originally derived 
from colourless myelocytes. 

The cells of the marrow are everywhere supported by a close network or feltwork 


of collagenous fibrils (fig. 201, p. 123), which constitute a sustentacular reticulum 
for its elements and blood-vessels. The reticulum also comprises some branched 


connective-tissue cells, which 


are more numerous in young 
marrow.’’ 

There is reason to believe 
that apart from loss or de- 
struction of erythrocytes due 
to accident or disease, and in 
the female accompanying men- 
struation, a regular destruction 
and reproduction of erythro- 
cytes is always proceeding with- 
in the body. The evidence of 
destruction is derived partly 
from the continuous formation 
of pigments which are either 
certainly or probably derived 
from the luemoglobin of blood- 
corpuscles — e.(/. the bile-pig- 
ments and the pigment of the 
hairs and skin ; partly from the 
histological evidence obtain- 
able in such organs as the 
spleen and other blood- and 



Fig. 570. — Giant-cell of marrow with multiple 
CENTR ioLKs. (M. Heideiiliaiii.) 

a, h, r, d, various zones of the cytoplasm. The nucleus is 
very large and annular, with irregular lobes and numerous 
nucleoli. 


lymph-glands, which contain cells enclosing erythrocytes in every stage of disin- 


tegration, from complete discs such as are found in the circulating blood to 


• According to C. E. Walker they may also divide mitotically (Proc. Roy. Soc. B. Ixxviii. 1906). 

- See on the giant-cells of marrow, W. H. Howell, Journ. Morph, iv. 1890 ; M. Heidenhain, Arch, 
f. mikr. Anat. xliii. 1894 ; G. Retzius, Biol. Unters. x. 1902 ; Schridde, Anat. Hefte, xxxiii. 1907 ; 
A. Goodall, op. cit. A description of the cells met with in bone-marrow both in normal and patho- 
logical conditions will be found in the monograph by Carnegie Dickson, ‘ Bone-Marrow,’ Longmans, 
London, 1908. 

^ C. M. Jacdison, Arch. f. Anat. 1904. 
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amorphous or crystalline masses of pigment similar to haematoidin (see p. 371). 
Since the number of erythrocytes in the blood is on the whole constant, this 
regular destruction must be balanced by as regular a production.* Although this 
fact is fully recognised it was for a long time by no means clear what is the 
source of the newly formed erythrocytes, and conjecture centred itself upon 
the blood-leucocytes, which it was supposed might become transformed into 
erythrocytes ; nor were observations lacking which seemed to point to the 
existence of forms intermediate between these and the red corpuscles. When 
the blood-platelets were discovered it was tliouglit by some histologists 
that they might be regarded as precursors of erythrocytes. These conjectures 
have, however, for the most part been abandoned, since it was established, 
first by Neumann,*^ whose observation was confirmed by Bizzozero,^ that the 
marrow of the bones always contains nucleated coloured corpuscles (the ery- 
throblasts above mentioned) which are similar to the nucleated red corpuscles 
of the embryo, and which either have been derived from those corpuscles by 
direct descent, or formed from colourless haunoblasts in the manner in which the 
erythroblasts are said to be formed in the (unbryo from hauno blasts. These 
erythroblasts of the marrow multiply by mitotic cell-division, and from them 
are derived, with atrophy or extrusion of the nucleus,* discoid erythrocytes which 
pass into the blood-stream and supply the place of those which have disappeared. 
The erythroblasts of the marrow, like those of the embryonic mesoderm (p. 375), 
occur both as megaloblasts and as normoblasts, the latter representing a stage 
intermediate between the megaloblasts and the erythroblasts. Erythroblasts 
are produced from normoblasts by mitotic division and are converted with 
atrophy of their nuclei into discoid erythrocytes. 

In this manner (in mammals) the erythrocytes are produced outside the blood- 
vessels in the tissue of the bone-marrow — especially in the red variety of marrow 
such as occurs characteristically in the ribs — and pass through the walls of the 
marrow-capillaries, which are very thin and possibly incomplete. Some 
erythroblasts (nucleated red cells) are also found within the vessels of the 
marrow, and they may sometimes be detected in the blood leaving the marrow. 

The marrow undergoes a considerable accession of blood-forming activity after extensive 
haunorrhage. Under these circumstances many more erythroblasts are seen, and transitional forms 
between these and erythrocytes are abundant. Occasionally when regeneration is in active pro- 
gress portions of nuclear matter remain in some of the erythrocytes oven in the circulating blood.^ 

It would appear from the observations of Bizzozero and 'J'orre “ that in birds the capillary 
walls arc complete, and that all the erythroblasts are intravascular, i.e. are found within venous 
capillaries and not in the tissue of the marrow. These venous capillaries are relatively large, 
and the blood-stream in them must be slow. The fully developed red corpuscles lie in the 
axis of the vessel, the erythroblasts and hamioblasts towards the periphery. 

Denys,’ who also subjected the marrow in birds to a careful examination, states that the 
coloured erythroblasts are derived from colourless corpuscles, i.e. hsemoblasts, lying next to 
the capillary wall, and that while this transformation into red corpuscles is going on within the 
vessels, the marrow-cells outside the vessels are multiplying and forming other hsemoblasts 
which pass into the capillaries. This would be very much the same process as goes on in the 
embryo mammal, where hsemoblasts are said to be formed both within and outside the 
vessels. 

Morpholog:y of the red corpuscles. — It is obvious from the study of the structure of the 
mammalian red blood-discs that, unlike those of ovipara, they an; not morphologically to be 
regarded as cells. For they lack an important morphological constituent of the cell, viz. the nucleus, 

^ See on this subject W. Hunter, Brit. Med. .Touni, 1887 ; Howell, Journ. Morph, iv. 1890. 

- Ceritralbl. f. med. Wisseiisch. 1868. Ibid. 

‘ Or, according to Riudfleisch, by a budding off of hiemoglobin-containing protoplasm (Arch. f. 
mikr. Anat. xvii. 1880). 

5 R. S. Morris, Arch, of Internal Medicine, 1909. Morris states that in the cat these particles often 
occur normally in the erythrocytes. 

^ Moleschott’s Unters. xii. 1881. " La Cellule, t. iv. 1888. 

VOL. II. PART I. C C 
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nor do they exhibit any centrosomc or other internal sign of cell-architecture. Chemically 
they contain in their envelope (stroma) the nucleoproteids and lipoids which are characteristic 



of protoplasm, and these occur in about the same relative proportion as in protoplasm. But, 

although originally formed from and 
within protoplasm, they have lost all 
amoeboid properties — in fact, the pro- 
\ toplasm from which they are produced 

has become transformed into little 
but a thin envelope enclosing a solu- 
, tion of hajmoglobiii. 

" A The fact that the discoid erythro- 

' > >, fljk cyte may in some cases be formed by 

' a transformation of a portion only of 
■ HH the protoplasm of a vaso -formative 

mescnchymc-cell, and may become 
* •’ WV free within such cell, and in other 

\ cases may be produced by trans- 

formation of the whole cytoplasm with 
' ■ / separation of this from the nucleus, 

V . _ y would not necessarily, as Minot ‘ has 

, / supposed to be the case, constitute 

/ an essential morphological difference 

between the two kinds of erythro- 
cyte, since in both cases the corpuscles 
_ . are formed by modification of cyto- 


Fio. 577.— Untouched puotoohaph of living leucocyte plasm, and in both this modified 


OF TRITON, SHOWING RETICULAR STRUCTURE OP THE 
PROTOPLASM. (Schiifer.) Magnified 1360 diameters. 

The photograpli was taken in monochromatic light with 
Zeiss’ 2 mill, apocliromatic objective and projection oyo- 
piccc. The polymorph nucleus also exhibits a reticular 
structure. 


cytoplasm separates itself from the 
cell-nucleus. In its definitive con- 
dition the mammalian erythrocyte 
cannot in any case be regarded as a 
complete cell. 


The nucleated red corpuscle of 


oviparous vertebrates, on the other hand, is shown, both by its general structure and mode 
of development, to bo morphologically a cell, although it has few of the functional 
characteristics of cells. In the adult condition it is incapable of undergoing division 
and multiplication, although the nucleus retains the structure and chemical composition 
which is typical of cell-nuclei. The cell-body, again, is wholly transformed into a thin 
envelope enclosing a solution of haemoglobin. Some authors have described a reticular 
structure within those corpuscles, taking the form of fine intercommunicating threads ex- 


tending from the nucleus to the envelope 
(see fig. 663), but we must bear in mind the 
ease with which such an appearance is pro- 
duced by fixative reagents. These nucleated 
corpuscles of adult ovipara differ from the 
first formed orythroblasts of both the ovi- 
parous and of the mammalian embryo ; for 
bothmegalo- and normo-blasts are complete 
cells, capable of division, and exhibiting 
amoeboid phenomena ; in short, they differ 
from a typical animal cell, such as the white 
corpuscle, mainly in the presence of hsomo- 
globin in their protoplasm. The erythro- 
blasts of the marrow are in all respects 
similar to the embryonic erythroblasts. 

COLOUKLESS COBPUSCLES: 

LEUCOCYTES. 

The colourless corfuscles or leuco- 
cytes of man (and indeed of all ani- 
mals) -are protoplasmic cells. On 
account of their relatively small 

^ Anat. Anz. v. 1890. 



. „ 

Fig. 578.— Lace-like appearance of living proto- 
plasm OF A LEUCOCYTE OF SALAMANDER. (Schafer.) 
Magnified 1200 diameters. Untouched photograph. 
The loce-like protoplasm is partly spread over an 
erythrocyte. 



Blood and marrow-cells (Sobotta) 700/1. (From film preparaHons.) 

^ human blood films; 22 — 31 , from bone marrow of mouse. 

6 - 12 , erythrocytes (9 with remains of nucleus); 1 , lymphocyte; 2, 3. poly- 
morph leucocytes with neutrophil granules; 4 , 5 , 14 , 16 , 18 , ordinary poly- 
morphs; 15 , 19 , 21 , leucocytes with oxyphil granules; 17 , macrocyte; 
13 , 20 , transitions betwen lymphocyte and macrocyte; 22 , giant cell of 
marrow; 23 — 26 , marrow-cells, the last two with oxyphil granules; 
27 , 28 , marrow-cells in mitosis; 29 , erythrocyte; 30 , 31 , erythroblasts! 
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number (about 10,000 per cubic ram.), and their colourless protoplasm, they are 
at first a little difficult of recognition amongst so many erythrocytes (the propor- 
tion of leucocytes to erythrocytes averaging about 1 to 500).^ They are specifically 
lighter than the erythrocytes, and there- 
fore are usually found in the uppermost 
layers of a specimen of blood, immedi- 
ately under and adhering to the cover- 
glass. They vary greatly in size in 
human blood, some being smaller and 
others larger than the erythrocytes : 
those which are most numerous aver- 
age about 0*1 millimetre in diameter 
(10 /X or iiich), measured in the 
spherical condition. 

The nucleus of the leucocyte is diffi- 
cult to observe in the fresh condition, 
but is strongly brought out after death 
and under the action of basic dyes 
or dilute acids. (See accompanying 
Plate and figures.) A centriole and 
attraction-sphere can be detected in 
the cytoplasm near the nucleus 
(fig. 580). 

The protoplasm of the leucocyte has a distinct reticular appearance in the 
living condition (figs. 577, 578).^ It contains granules which stain some with basic, 
others with acid, others with neutral, and others with both basic and acid dyes 
(fig. 579, and Plate) ; the granules being termed oxy-phil, baso- or basi-pliil, neutro- 
phil, or ampho-phil, according to their affinity for different kinds of stains. These 

terms have been extended to the cells which contain 
the particular kind of granule, so that oxy-phil 
(or eosinophil), basi-phil, etc,, leucocytes are 
commonly spoken of Most leucocytes are highly 
ammboid,* but this property is only slightly 
marked in the small variety (lymphocytes), 
which contain very little cytoplasm. To their 
amoeboid property leucocytes owe the faculty 
they exhibit of taking into their cytoplasm 
foreign particles which may be present in 
blood ('phagocytosis). This faculty is also ex- 
hibited by leucocytes which have wandered out 
from the blood-vessels (the so-called migratory or 
wander-cells) and may serve to effect the piecemeal 

^ Tlie relative and absolute number of leucocytes varies greatly with varying conditions of health 
and disease. Injections of certain substances (peptone, nuclein, etc.) also affect the relative 
proportions of leucocytes to erythrocytes and also the proportions of the different kinds of leucocyte 
(see below) to one another. Considerable variations in the number of leucocytes in blood drawn from a 
peripheral vessel may also occur as the result of taking food, of muscular exercise, and even of change of 
position of the body. These variations are probably to be explained as due for the most part to increase 
of activity of the heart or blood-circulation, in consequence of which leucocytes which were more or 
less stationary in the blood-vessels of the internal organs become dislodged and carried into the 
general circulation. Such increase in number usually lasts only for a short time. (Hassclbalch and 
Heyerdahl, Skand. Arch. f. Physiol, xx. 1908 ; Ellermann and Erlandsen, Arch. f. exper. Path. u. 
Pharin. Ixiv. 1900). Increase of activity of the flow of lymph and chyle will also tend to wash more 
lymphocytes out of the lymph-glands. 

^ Schafer, Quat. Journ. Exper. Physiol, hi. 1910. 

® The staining of some cells has a diffuse appearance, which cannot, strictly speaking, be described 
as a staining of granules. 

^ The amoeboid movements were first observed by Wharton Jones (Phil. Trans. 1846). 



Fig. 580. — Winn. j.i.ooD-coRPuscLE 

OF LEPIDOSIKEN, WITH LOBED AND 
ALMOST ANNULAR NUCLEUS AND 
WELL-MARKED CENTROSOME. 

(T. H. Bryce.) 



Fio. 579. — Various kinds of colourless cor- 

PUSCLES, SHOWING THE DIFFERENT CHARACTERS 
OP THE GRANULES. (Sclilifer.) (Froui a film 
preparation of normal human blood.) 

G, polymorph ; fc, microcyte ; r, macrocyte ; 
<?, oxyphil. Two of each kind have been drawn. 
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absorption of tissues which are undergoing degeneration and disintegration 
(Metschnikolf).* 

Leucocytes arc classified according to the special characters of their granules 

and the nature of their cyto- 
plasm and nuclei, thus : ^ 

1. Polymorphocytes 
(polymorphous leuco - 
cytes).'^ — These (fig. 579, a) 
are characterised by their 
relatively large amount of 
clear, highly amoeboid proto- 
plasm and the presence of 
a deeply lobed, or more com- 
monly a multifid nucleus, the 
several parts of which look at 
first sight like so many smaller 
nuclei (fig. 581), although 
really united by fine threads 
of chromatin. They measure, 
when in the spherical con- 
dition, about *01 mm. (10/a). 
The protoplasm contains very 
fine neutrophil or oxyphil 
granules, * staining with eosin. 
According to Phear they 
constitute 54 per cent, of 
the whole number of leuco- 
cytes. Carstanjen gives the 
percentage as from 57 to 69 in the adult, less in the child. The number is 
diminished after a meal. They are stated to be far more numerous imme- 
diately after birth than just before birth (in the rabbit).* In the dog and cat 
they are relatively more numerous than in 
man (70 to 90 per cent., Sherrington ; 75 per 
cent., Davis and Carlson). Similar cells are 
found in bone-marrow, and it is considered 
probable by many authors that the polymorpho- 
cytes of the blood are produced ther^. The 
polymorphocytes are highly amoeboid (fig. 581) 
and phagocytic, and will continue for montlus 
to exhibit amoeboid movement if the blood is 
preserved aseptically (J. Jolly).® 

^ Hamburger finds that phagocytosis is markedly in- 
creased by minute amounts of calcium (Trans. Intcrnat. 

Congress of Physiology, Zentralbl. f. Physiol, xxiv. 1910) 
or of substances, such as chloroform, wliich have a solvent 
action on lipoids (K. Akad. Wetensch. Ainsterdain, 1911). 

^ On the classificiition and numeration of leucocytes see 
Ehrlich, Arch. f. (Anat. ii.) Physiol. 1879, and Zeitschr. f. klin. 

Med. i. 1880 ; Gulland, Laboratory Reports of the R. Coll, of 
Phys. of Edinburgh, 1891, and Fol. himn. iii. 1906; Sherrington, Proc. Roy. Soc. Iv. 1894; Kanthack 
and Hardy, Jouni. Physiol, xvii. 1894; Hardy and Wesbrook, ibid, xviii. 1895 ; J. Jolly, C. r. soc. biol. 
xlix. 1897 ; Ehrlich and Lazarus, ‘ Norm. u. path. Histol. d. Blutes,’ 1898 ; Phear, Med. Chir. Trans. 1899 ; 
Carstanjen, Jahrb. f. Kinderheilk. lii. 1900; Goodall and Paton, Joum. Physiol, xxxiii. 1905; Scott, 
Journ. Patlv. and Bact. xi. 1900 ; Goodall, Journ. Path, and Bact. xii. 1908 ; B. J. Davis and A. J. 
Carlson, Amer. Journ. Physiol, xxv. 1909. 

3 ‘ Polymorphonuclear ’ leucocytes of many authors. ^ Kanthack and Hardy, op, cit. 

Tschistowitsch and Piwowarow, Arch. f. mikr. Anat. Ivii. 1901, 

C. r. soc. biol. Ixix. 1911. 



hVi. 582. — Microcyte from blood 
OP triton, fixed by a .tet 
OF steam, and stained with 
H.EMATOXYLIN. Magnified 1500 
diameters. (Schafer.) Untouched 
photograpli. 

The nucleus exhibits a close and 
even network of basi-chromatin. 



FlO. 581. — POLYMORI'II LEUCOCYTE OF TRITON FIXED BY A JET 
OP STEAM AND STAINED WITH ILEMATOXYLIN. (Schiifer.) 
Magnified 1500 diameters. Untouched photograph. 

Tlie nucleus at first siglit appears multiple, but on careful 
examination its several ])arts seem to be united by threads of 
basichromafcin. These cannot all be seen in the figure, in 
which only one plane of the thickness of the corpuscle is 
shown. 
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2. Microcytes (micro-lymphocytes). — These (fig. 579, h) are charac- 
terised by their relatively small size, many of them being not much more than 
half the size of the polymorphocytes (*0065 mm.). 

They have, as already stated, very little proto- 
plasm, and that hyaline and basiphil, staining with 
methylene-blue. The nucleus is simple and sphe- 
roidal or slightly indented. Its chromatin is re- 
ticular (fig. 582). The larger specimens of microcytes 
appear to be transitional to those of the variet}^ 
next to be described. The microcytes constitute 
rather more than 20 per cent. (19 to 33, Cars- 
tanjen) of the total number of leucocytes in the 
adult, but are much more numerous in infancy. 

Their number is increased after a meal (lympho- 
cytosis). They closely resemble the cells which 
form the bulk of lymphatic glands and other 
lymphoid tissue, and there is very little doubt they are directly derived from 
these. They are not actively amoeboid or phagocytic. 

According to Browning ' the lymphocytes are not only the first of the leucocytes to make 
their appearance in the embryo, but are also the first to appear phylogenoticaUy ; the oxyphils 
arc the next to show themselves. 

3. Macrocytes (macro-lymphocytes). — These (fig. 579, c) are in general 
similar to the microcytes, containing a simple nucleus and a clear basiphil cytoplasm, 

but both nucleus and cytoplasm have 
a much larger volume, so that the cell 
itself is far larger. They form in fact 
the largest of all the blood-leucocytes. 
That they are derived from the micro- 
lymphocytes appears probable, seeing 
that all intermediate sizes may be 
found in blood. The nucleus is often 
indented or kidney-shaped (fig. 583). 
The cytoplasm is highly amoeboid 
and phagocytic. The estimates of 
their number vary according as the 
intermediate forms between these and 
microcytes are included : if only 
the largest cells are enumerated, the 
number is less than 1 per cent, of the 
total number of the blood-leucocytes, 
whereas if the intermediate forms are 
taken in with them the percentage 
would amount normally to consider- 
ably more. 

4. Granular oxyphils. — Leuco- 
cytes with a mass of coarse granules 
(fig. 579, d)y staining with acid dyes such 
as eosin, sometimes filling the cytoplasm, sometimes leaving a part clear (fig. 584). 
The granules react for phosphorus. They are generally spheroidal, but in the cat 
are cylindroidal (vSherrington). The size of the granules varies in different species 
of animal. Ehrlich has suggested that these cells are secreting cells and the 

^ Journ. Path, and Bacter. x. 1905. 



Fig. 684.— An eosinophil leucocyte op hala- 

MANDEB BEGINNING TO ADHEBE TO AN EBYTHRO- 
CYTE. (Schiifer.) Fresh preparation without 
addition of fluid. Untouched photograph. Mag- 
nified 600 diameters. 

Two other erythrocytes are included in the field. 
Notice that the nuclei in these have undergone a 
change of position within the erythrocyte, showing 
that its contents must be completely fluid. 



Fig. 588. — Macbocyte of lepido- 
SIBEN, showing LINES IN PBOTO- 
PLASM BADIATING FBOM CEN- 
TRIOLE. (T. H. Bryce.) 
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granules zymogen granules : they bear a resemblance to the zymogen granules 
of gland-cells.* In diameter the cells measure, when in the spherical state, 
about the same as the polymorphocytes. The nucleus is commonly horseshoe- 


FlO. 585.— A POLYMORPH LKUCOCYTK OF TRITON FIXED BY A JET OF STEAM DURING WHAT 
APPEARS TO RE AMITOTIC DIVISION. (Sclliifer.) 

Magnifuid 13G0 diameters. Untmiched pliotograpli. 

shaped or bilobed, but not subdivided like that of the polymorphocytes. These 
leucocytes vary greatly in number in different individuals (1 to 11 per cent). They 
are amoeboid, but less actively so than the polymorphocytes. Similar cells occur 
in bone-marrow, and this is probably their source : the granules of the oxyphil 
marrow-leucocytes having the same size and shape as those of the oxyphil blood- 
leucocytes of the same species of animal. 

5. agranular baslphllB. — Leucocytes with a mass of coarse granules, 
staining with basic dyes such as mcthylene-bliic. These are not constant elements 
of normal blood, but occur occasionally. They are fairly 
numerous in bone-marrow and in the connective tissue 
of some parts, where they are known as ‘ mast-cells " (see 
p. 108). When present in blood they have probably passed 
intp it from those tissues. 

The blood of lower vertebrates contains leucocytes having the 
same general characters as those of mammals, and of the same 
kinds, viz. polymorphs, lymphocytes, large and small, and granular 
oxyphil cells. In amjihibians the leucocytes are considerably larger 
than in mammals and birds, although smaller than the erythrocytes.'^ 
Walker has de.scribcd the leucocytes of Axolotl as undergoing a kind 
of conjugation, with exchange of nuclear material. 

The leucocytes of Salamandra have been shown byMeves^ to contain chondriosomes. These 
are not identical with Ehrlich’.s granules, although the latter have probably been formed from 
them. According to C. E. Walker the granules of these leucocytes are formed from the 
threads of their archoplasm.^ 

The exact nature of the granules of the leucocytes is not known. Some have been regarded 
as representing secretion-material within the protoplasm (see above). Attempts have been 
made, with more or less success, to prove that they possess digestive power, and Fiessinger and 
Mario ^ state that they have been able to obtain a tryptic ferment from centrifugalised leucocytes. 

Formation and reproduction of leucocytes. — The formation of the 
leucocytes of the blood from primitive blood-cells or luemoblasts has already been 
considered, as well as the possibility of the formation of the polymorph and the 

’ Weidenreich (Anat. Aiiz. xxxii. 15)08,Vorhandl.(i. anat. Gesellsch.) makes the somewliat improbable 
suggestion that tlie eosinophil granules are derived from the hiernoglobin of ingested erythrocytes. 
Equally unlikely is the suggestion of Saeharoff (Arch. f. mikr, Anat. xlv. 1895) that they are formed 
from the extruded nuclei of the erythroblasts of bone-marrow. 

^ For a description of the leucocytes of the frog’s blood, and the relative number of each kind, see 
Pentimalli, Intern. Monthly Journ, Anat. and Physiol, xxvi. 1909; and Freidsohii, Arch. f. mikr. Anat. 
Ixxv. 1910. 

5 Arch. f. mikr. Anat. Ixxv. 1910. i Proc. Roy. Soc B. Ixxix. 1907. 

® Journ. de Physiol. 1909, 



Pio. 58(J. Blood-corpus- 
cles AND PLATELETS 
WITHIN A SMALL VEIN 
OF THE rat’s MESEN- 
TERY. (W. Osier.) 
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granular leucocytes from similar cells in bone-marrow. Many recent authorities ^ 
appear to be of opinion that the lymphocytes offer a common origin for all the 
varieties of leucocyte ; but others, with Ehrlich, regard the lymph-cells as the 

Fio. 587.— Mass of blood-platk- 

LETS, SHOWING THE DISINTE- 
GRATION WHICH IT UNDERGOES AT 

ITS PERIPHERY WHEN OBSERVED 

IN SALT SOLUTION ON THE WARM 

STAGE. (W. Osier.) 

source of the blood-lymphocytes (micro- and macrocytes) only, while the granular 
and polymorph cells are produced in tlie marrow. - Leucocytes have been described 
by several authors as undergoing multiplication by mitotic division. * This is 
easily seen in the lymphocytes of lymph-glands and the lymph-nodules of mucous 
membranes and of the spleen, but is rare in the blood itself in the adult condition, 
although amitotic division appears sometimes to occur, especially in the polymorph 
cells (fig. 585). Mitotic division is also seen in the leucocytes of bone-marrow. 

BLOOD-PLATELETS: THROMBOCYTES. 

Besides the erythrocytes and leucocytes, the blood contains a third corpus- 
cular element consisting in mammals of minute circular discoidal particles, which 
were first described by Zimmerinann * under the 
name elementary 'particles^ and later by Bizzo- 
zero under the name hlood -platelets, Ttiis is the 
name by which they are now generally known, 
although the term thrombocyte, which was intro- 
duced by Dekhuyzen, is also frequently used for 
them.*’ 

The blood-platelets in man arc very small, 
the largest being less than onci-tliird the diameter 
of an erythrocyte. In the living blood-vessels 
they are discrete (fig. 586), but in drawn blood 
they become clumped together into masses of 
varying size (fig. 587), lying here and there in the 
clear spaces of a microscopic preparation, between ^88.— Blood-platelets, highly 

, % » , 11 -tT • MAGNIFIED, SHOWING THE AMtEBOID 

the rouleaus formed by the erythrocytes. Various forms which they assume when 
views have been held regarding the nature of these examined under suitable condi- 

particles, some having regarded them as repre- chromatic particle which each 

senting a stage of formation of the erythrocytes, i’latelet contains, and which 

others as produced by the disintegration of leuco- (After Kopsch.) 
cytes ; while another opinion has been expressed 

that they represent merely a chemical precipitate from the plasma. But of late 
years there has been considerable advance made in the knowledge of these bodies. 

1 E,g. Saxer, op. cif . ; Maxiinow, op. cit . ; Bryce, Trans. Roy. Soc. Ed. xli. 11)04-5 ; Weideiireich, Arch, 
f. mikr. Anafc. Ixxiii. 1000. See also ‘ Die Leukocyten ’ in Merkel and Bonnet’s Plrgebn. d. Anat. xix. 1909. 
Weidenreicli believes that the small lymphocytes (microcytes) are derived from the larger ones by 
division, and themselves grow into larger ones (macrocytes). 

‘ Cf. Schridde, Centralbl. f. allg. Pathol, xx. 1909. See further on this subject, Pappenheim, ‘Atlas 
d. menschl. Blutzelleii,’ Jena, 1905, and Niigcli, ‘ Die weissen Blutkbrperchen,’ in Ehrlich and Lazarus’ 
Die Antemie, 2nd edition, 11)09. 

^ Van der Striclit, Anat. Anz. 1891 ; C. E. Walker, op. cit. 

^ Virchow’s Archiv, xviii. 1860. See also M. Schultzc, Arch, f, mikr. Anat. i. p. 89. 

5 Virch. Arch. xc. 1882. One of the earliest and best accounts of these structures is that given by 
Hayem (Arch, de physiol. 1878 and 1879), who, however, supposed that they give rise to erythrocytes 
and termed them luematohlasts. 

^ For methods of examination of blood-platelets see Deetjen, Zeitschr. f. physiol. Chem. Ixiii. 1909. 





892 


THE BLOOD 


It lias been found ‘ that each possesses a chromatin mass (chromidium) which 
seems to represent a nucleus, and that under suitable conditions the cytoplasm 
exhibits changes of form comparable to the amoeboid movements of proto- 
plasmic cells (fig. 588). They may therefore be looked upon as minute cells, 
and this conclusion seems to b(i borne out by their chemical composition, which 

resembles that of cells in general, consisting 
, / mainly of nucleo-proteins with some lecithin 



and cholesterin. They are readily destroyed by 
dilute alkalies,*^ and are stained by basic dyes. 


(‘specially by methyl- violet. They vary greatly in 
number in different individuals, and in the same 


Fiii. r,8:). Nktwohk of fihuin, 

SHOWN AFTEU WASIIINO AW'AY THE 
OOltJ'lTSCLEH FROM A J'RK I'AHATION 


individual under different conditions : the number 
has been estimated by Brodie and Russell at from 


OF MHOOIJ THAT HAS JJKF..V ALLOWED 
TO CLOT. (Schiifor.) 

Many of the lilamonts radiate from 
Kinall clumps of blood-platelets. 


5,0fX) to 450,000 per cubic millimetre.* The pro- 
perty which the blood-platelets possess of rapidly, 
almost explosively, throwing out processes and 


adhering together in masses when they come in 


contact with a foreign body has h^d to the supposition that these masses may serve 
the purpose of a plug at places where injuries to blood-vessels have occurred ; thus 
assisting to arrest luemorrliage before the formation of a fibrin coagulum can 


occur to effect this object more com- 
pletely. In this way th('y would re- 
semble the action of the far larger 
C(;l!s in invertebrat(‘s, which produce 
a similar arrest of hiemorrhnge by 
thrusting out processes and adhering 
firmly togctlier as soon as the escaping 
blood comes into contact with injured 
tissue or foreign matter;'* a kind of 
pseudo-coagulum b(‘ing thus form(‘d 
which produces the same result as that 
of an ordinary fibrin-clot, but much 
more rapidly. The view that this is 

' Deetjcn, Virch. Aroli. clxiv. ; l)»'khuy/,en, 
Anal. An/, xix, lilOl ; Kopscli, 

EiHen (.louriL Morph, xv. ISDI)), who terms 
them i)hismocyteH, looks upon them as repre- 
sentinj;^ freo eontrosoines or ecntrioles of the 
(‘i-ythroeytes. J. H. Wri^dit (Vireh. Arch, elxxxvi. 
1‘JOO) states that they are jiroduced by the 
inegakaryocyti's of bomenmrrow, and can be seen 
on tin* warm stiige to break oiT from these. 
DantschakolT (Arch. f. mikr. Anut. ixxiv. IDOlM 
and 11. W. King (Journ. Med. Hes. xxiv. 1911) 
believe tliat they an* formed by the breaking 
down of tin* nnelei of the erythroblasts of 
the marrow. All of these suggestions seem 
improbable. 

^ Deetjen, Verhandl. d. path. Gcsel. 1909. 

' .lourn. Physiol, xxi. 1S97. 

^ It has been shown by Bizzo/oro (Vireh. Arch, 
xc. 1882) and by Kbertli and Schiminelbuseli (Die 
Thrombose, etc., Stuttgart, 1888) that the white 
thrombus-formation of the pathologists is due to 
tlu^ accumulation and adhesion of blood-platelets 
to the diseased or injured vascular walls. 



Fkl noo. — Blood of frog. (Ranvier.) Magnified 
100 diameters. The preparation had been kept 
twenty-four liours. 

H, H,roBettingof blood-corpuscles around clumps 
of blood-platelets ; a strand of corpuscles joining 
two rosettes; ??, n, loose corpuscles. 


'' Ij. Fredericuj, Bull. acad. roy. do Belgicpie, xlvii. 1879; P. Goddes, Proc. Roy. Soc. xxx. 1879-80; 
W. B. Hardy. Journ. Physiol, xiii. 189‘J; Bota/zi, Arch. ital. de biol. xxxvii. 1902 ; L. Loeb, Biol. Bull, 
iv. 1903; John Tait, Quart. Journ. Kxper. Physiol, ii, 1909. The agglutinated corpuscles of the peri- 
visceral fluid in echinoderms exude a coagulable material, no such material being present in the 
fluid itself (Schafer, Proc. Roy. Soc. xxxiv. 1882). 
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the function of the blood-platelets has led to the name of thrombocytes being 
applied to them. It is believed that they contain 'prolhromhin, which under the 
influence of the soluble lime-salts of the plasma becomes transformed into 
fibrin-ferment or thrombin, and it is probably on this account that fibrin-filaments 
are generally seen starting from the clumps of blood-platelets in a microscopic 
preparation of blood which has undergone coagulation (fig. 589). 

The thrombocytes of oviparous vortebrata aro very different in ax^pearance from those of 
mammals. They take the form of colourless elongated corpuscle's smaller than the erythro- 
cytes and less numerous in x^rox^ortion to these than are the thrombocytes of mammalian blood. 
They contain a distinct elliptical nucleus, and must certainly be regarded as cells : some authors 
have indeed been disxoosed to look ux^on them as rei)rcsenting a stage in the development of 
the nucleated orythroblast. But the observations of Hayem* and Meves- render it probable that 
these bodies fulfil the same functions as the thrombocytes of mammalian blood. Like the latter 
they undergo raxnd changes (fig. 591) when the blood is drawn or when it comes in contact with an 
injured or foreign surface. The corpuscle itself, as well as its nucleus, becomes spheroidal and 
rapidly throw's out bleb-liko processes which extend some distance from the body of the throm- 
bocyte. If two or more of these cells come in contact they adhere closely, and when there are 
many together they form a mass of cells, which, if accumulating at an injured sx)ot in a vessel, 
may easily hefi) to form a x^lug and impede the eseax^e of the ordinary corpuscles. Presently 
bundles of fibrin-filaments may be seen in a microscopic preparation extending from the clumps 



Fig. nt)!. -A blood-platelet op salamandek, and the changes which it 

LINDEIUVENT IMMEDIATELY APTEll WITHDBAWAL OP BLOOD PROM THE 
VESSELS, (F. Meves.) 

of thrombocytes and xms^i^ig between the clumps : these filaments adhere to erythrocytes 
which happen to be within their course ; they appear to shrink later and thus to exert a pull 
upon the entangled erythrocytes (fig. 592) a peculiar rosetted appearance, being given to the 
groups of blood-corpuscles which are thus dragged upon (fig. 690), As with the mammalian 
thrombocytes, these seem thus to serve as centres for the dex^osition of fibrin, threads of which 
radiate in all directions from the metamorxihosed thrombocytes.'* 

Nothing is positively known as to the origin of the blood -platelets, nor has it yet been 
exactly ascertained when they first make their appearance in the blood of the developing 
animal. 


CORPUSCLES OF THE LYMPH AND CHYLE. 

The corpuscles which arc met with in lymph and chyle vary greatly in number. 
They consist almost entirely of tlie smaller lymphocytes, although there are a 
few somewhat larger/ with an occasional polymorph or oxyphil leucocyte. The 
lymphocytes are doubtless derived from the lymph-glands through which the 

^ Hayem, op. cit. 

^ Arch. f. mikr. Anat. Ixviii. 1900. For various other observations upon the blood-platelets and the 
changes which they undergo after the blood is drawn see Deetjen, Zentr. f. Physiol, xxiii. 1909, and 
Zeitschr. f. physiol. Chem. Ixiii. 1909. An article in Science Progress, 1900, by Buckmaster, contains 
information regarding them up to that date. 

•’ See on the part played by thrombocytes in the arrest of haemorrhage, Pringle and Tait, Proc. 
Physiol. Soc., June 18 and July 9, 1910, in Journ. Physiol, xl. 

‘ B. P. Davis and A. J. Carlson, Amer. Journ. Physiol, xxv. 1909. 
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lymph which is collected from the tissues passes — very few are found before the 
lymph reaches a gland ; the other occasional leucocytes are probably derived from 
the blood, having migrated into the lymphatics either near their origin in the 
connective tissue or within the lymph-paths of the lymph-glands. 

The number of corpuscles in lymph is subject to great variation, being especially 
increased during digestion, when a large amount of fluid (chyle) is passing through 
the mesenteric lymph-glands. 

Both lymph and chyle contain thrombocytes. 

Chyle contains, in addition to the microscopic elements found in lymph, a vast 
number of minute globules of fatty matter, long known under the name of ‘ molecular 
base of the chyle.' This is derived solely from absorbed fat of the food, and is seen 
only in the mesenteric lymphatics (lacteals) and in the thoracic duct in which they 
terminate. It disappears, and whth it the milky aspect of the contents of those 
vessels, when no food is given for some time (or food containing no fat). 



FlO. 51)2.— A BLOOD-l'LATKJ.KT OF SALAMANDEU, SHOWING ITS HLEH-EIKE PHOCKSSES 
AND AESO THE FIHIUN-FILAMEN'rS KADIAITNTJ FROM IT AND ATTACHED TO 
ADJACENT ERYTHROCYTES. (F. McvOS.) 

Two erythrocytes, one free nucleus, and one polymorph leucocyte are included in 

tlie figure. 


The number of lymphocytes which arc passed into the blood by way of the 
lymph and chyle in twenty-four hours is considerable, and may be much greater 
than the number permanently present in the blood. ^ For the maintenance of the 
average number there must be an equivalent loss by disintegration either of these 
or of other leucocytes which are produced from them. Whether this disintegration 
occurs in the blood itself or, if not, in what tissues or organs it takes place, is un- 
ascertained, but there is some evidence that it may, in part at least, proceed within 
the mucous membrane of the alimentary canal. For as was first pointed out by 
Stohr,^ large numbers of leucocytes pass out through the stratified epithelium which 
covers the tonsils, and the same is the case wherever lymphoid tissue occurs in 
mucous membranes, as in the oesophagus, bronchial tubes, stomach, and intestine. 
The migrated leucocytes must certainly be disintegrated by the juices with which 
they are thus brought into contact. It cannot, however, be positively affirmed 
that these leucocytes are derived from the blood, for they may have been 


’ Davis and Carlson, op. cit. 


^ Vii*ch. Arch, xcvii. 1884. 
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produced in situ within the lymphoid tissue underlying the epithelium 
through which they penetrate. The case of the villi of the intestine is perhaps 
different. In these, especially during digestion, great numbers of leucocytes are 
found, both between the epithelium-cells and also between those cells and the 
basement-membrane, as well as in the interstices of the reticular tissue, and even 
within the commencing lymph-vessel (lacteal) of the villus.’ These leucocytes 
must mainly be derived from the blood circulating through the villus, for there 
is no evidence of their multiplication by division within the tissue of the villus.* 
Although they have not been observed, as with the leucocytes of the tonsils, to 
pass out on the free surface of the mucous membrane, there is reason to believe that 
during food-absor2)tion they pass from the tissue of the villus into the com- 
mencing lacteals, and there undergo disintegration. It may also be the case that 
others become disintegrated outside the lacteals, although the occurrence of such 
disintegration in this situation would be difficult of detection. 

1 Sebiifor, Uroc. Roy. Soo. xxxviii. 1885; and Int. Monthly Jonrn. Anat. and Physiol. 1885. 

2 In tho papers just referred to, it was assinnod that the leuco<!ytcH within the villi might multiply 
by division. But it appears on the whole more probable that they are brought to the villi by the 
olood- vessels. 



OKGANS CONCERNED WITH THE FORMATION OF 
LYMPH-CORPUSCLES. 


Thm organs and tissues which in the adult are concerned with the formation 
of leucocytes are the lymph-glands and other lymphoid structures, such as the 
lymphoid nodules which occur in the mucous membrane of the alimentary and 
pulmonary mucous membranes, the lymphoid tissue which forms the tonsils, 
the lymphoid tissue of the spleen (Malpighian corpuscles) and the lymphoid 
tissue of the thymus. Of these various hsemapoietic organs the lymph-glands, 
hteraal glands, and spleen will be here dealt with, the thymus, tonsils, and 
lymph-nodules of mucous membranes being described later. ‘ 

It is held by many authorities (p. 391) that the granular and the polymorph 
leucocytes have their scat of formation in bone-marrow ; some of the cells of 



Fkj. 5i)a.— Diagrammatic section of lymphatic gland. (Sharpey.) 

G./., alTi'rcnt; c./., ciTerent lyniphaticH. C, cortical substance. M, reticulating cords of 
incdiillary substance, /..v., lyinph-sinns ; c, fibrous coat sending trabecuhe, i/\, into tlie 
substance of the gland. 

this tissue have been looked upon as a possible source of origin of thrombocytes also. 
If this is so, bone-marrow, especially the red variety, must be regarded as an 
organ-system adapted for producing all the different kinds of corpuscular 
elements found in blood. 

As already mentioned, it is not certainly known where destruction of leucocytes 
mainly occurs, although many are lost by migration into the alimentary canal. 
But a certain number of leucocytes as well as of erythrocytes are destroyed by 
phagocytes in the spleen and luemal lymph-glands ; this may also happen in the 
ordinary lymph-glands. 

' For an account of blood-forming organs in general sec M. Lovvit, Arch. f. mikr. Anat. xxxviii. 
18i)l ; Weideiireich, Krgebn. d. Anat. 1908, 1904, and Arch. f. mikr. Anat. Ixv. 1905. For the lymph- 
glands in particular see Bertel and Stein, Arch. f. Anat. 1905 and 1900 ; for haemal glands the various 
papers mentioned in footnote ‘2 on page 402. For a discussion of the relation of bone-marrow to 
leucocyte production see K. Muir, Journ. Path, and Bact. vii. 1901. 
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LYMPH-GLANDS: LYMPHATIC GLANDS. 

Xiymph-grlands or lymphatic grlands, formerly named also conglobate glands ^ 
and by modern French writers ganglions lymphatiques, are small solid bodies, placed 
in the course of the lymph-vessels and lacteals, through which the contents of 
these vessels have to pass in their progress towards tlie thoracic duct or the right 
lymphatic duct. These bodies are collected in numbers along the great vessels of the 
neck, and also in the thorax and abdomen, especially in the mesentery and alongside 
of the aorta, vena cava inferior, and iliac vessels. A few, usually of small size, are 
found on the external parts of the head, and considerable groups are situated in 
the axilla and groin. Some three or four lie on the popliteal vessels, and usually 
one is placed a little below the knee, but none farther down. In the arm they are 
found as low as the elbow-joint.^ 

Lymph-glands occur in all mammals, but only a few arc found in birds, and these, of a 
comparatively simple structure, lie near the root of the neck and at the upper part of the 
thorax. No vertebrates below birds possess lymph-glands. 

The lymph of some lymph-vessels passes through two, three, or even more 
lymph-glands before reaching the thoracic duct, whilst, on the other hand, 
there are lymph-vessels which 
enter the thoracic duct with- 
out having traversed any gland. 

The size of lymph-glands is 
very various, some being not 
much larger than a hemp-seed, 
while others are as large as an 
almond or a broad-bean, or even 
larger than this. In shape, too, 
they present differences, but 
most of them are round, oval, 
or kidney-shaped. 

The lymphatics or lacteals 
which enter a gland are termed its afferent V(‘ssels {vam injerentia sen ajjerentia)^ 
and those which issue from it the efferent vessels {vasa efferentia). The afferent 
vessels (fig. 593, a.l), on approaching a gland, divide into many small branches, 
which enter the surface ; the efferent lymphatics commonly leave the gland at a 
depression (hiluw) on one of its sides; and at a little distance beyond it, some- 
times even before issuing from it, unite into one or more trunks {e.l), usually larger 
in size than the afferent vessels. 

A lymph-gland is covered externally with a capsule (figs. 593, 595, c) of connec- 
tive tissue (white and elastic), mixed, in most animals, with many plain muscle-cells. 
This capsule dips into the interior of the gland at the place where the larger blood- 
vessels and the efferent lymphatics pass into and out of the organ ; this is the part 
of the gland, which often has a depression, above referred to as the hilum (fig. 594, a). 
The proper substance of the gland consists of two parts, the corteoi (fig. 594, c), 
and within this the medulla (b). The cortex occupies all the superficial part of 
the gland, except at the hilum, and in the larger glands may attain a thickness of one 
or two millimetres. The medullary portion occupies the centre and extends to the 
surface at the hilum. It is most developed in the inwardly seated glands, such as 
the lumbar and mesenteric, whilst in the subcutaneous glands it is more encroached 
upon by the connective tissue which enters with the larger blood-vessels at the 
hilum, and which surrounds them, together with the lymph- vessels, in the centre of 

1 Rainer has described a small lymph -gland at the base of the heart, under the epicardium and close 
to the root of the aorta (Anat. Anz. xxxi. 1907). 



Fkj. 504. -Section of a mesenteric oland from the ox, 
sLioHTLY magnified. (Kollikor.) 
o, hilum ; b, medullary Kubstance ; c, cortical substance 
with indistinct alveoli ; d, capsule. 
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the gland ; so that in these the medullary part is reduced to a layer of no great 
thickness bounding inwardly the cortical part. 

Throughout both its cortical and medullary parts the gland is pervaded by a 
trabecular framework which serves to support the proper glandular substance. 
The trabeculaj pass inwards from the capsule (figs. 593, 595). They consist, in the 
ox and most animals, chiefly of plain muscular tissue ; in man, where they are much 
more delicate, of connective tissue, sparingly intermixed with plain muscle-cells. 
In the cortical part they are mostly lamellar in form, and partially divide the 
cortex up into separate nodules from 0.5 mm. to 1 mm. in diameter ; these nodules 
communicate laterally with each other through openings in the imperfect septa 
between them (fig. 595, a). On reaching the medullary part the trabeculae take 
the form of flattened bands and angular cords, and by their conjunction and reticula- 
tion form a freely intercommunicating meshwork throughout the interior. (In 
fig. 595 they are represented mostly as cut across.) In the interstices of the 
framework which is thus formed by the capsule and trabeculae is included the 



Pi(i. 51)5,— Section ok a mesenteiuc gland of the ox, (After His,) Magnified 12 diameters, 

Tlie section includes a ])ortion of tlie cortical part, A, in its whole depth, and a smaller 
portion of the adjoining medullary part, B ; r, c, outer coat or capsule sending partitions into 
the cortical part, eventually forming the trabecuhe, /, whi(;h are seen mostly cut across ; 

(Ij (I, the lymphoid tissue forming nodules in the cortical part, A, and reticulating cords in 
the medullary part, B ; I, I, lymph-sinus or lymph-channel, left white, 

proper glandular substance, which appears as a tolerably firm pulp, composed of 
masses of lymphocytes supported by reticular tissue, the two together forming 
the lymphoid tissue of the gland. In the cortex this tissue occurs, as we have 
seen, in the form of rounded nodules {cortical nodules or follicles) (fig. 595, A) ; 
in the trabecular meshes of the medullary part it takes the shape of rounded 
cords {lymphoid cords) joining in a corresponding network (fig. 595, B) ; and, 
as the containing meshes of the framework inter-communicate, so the contained 
gland-pulp is continuous throughout. But both in the cortical and the medullary 
parts, a narrow space (white in the illustrations, fig. 593, l.s ; fig. 595, I, 1) 
is left all round the gland-pulp, between it and the trabeculse, such as would be 
left had the pulp shrunk away from the inside of a mould in which it had 
been cast. This space forms a channel of passage for the lymph that goes 
through the gland ; it is named the lymph-sinus, or lymph-channel (fig. 593). It is 
traversed by somewhat coarser reticular tissue than that which is seen in the 
pulp. The reticulum in some glands is rather a spongework than a network ; 
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it may have some elastic fibres amongst the white fibrils of which it is mainly 
composed.' The reticulum of the lymph-sinus is partly covered in the natural 
condition by ramified cells. The lymph-sinus is occupied by lymph, containing 
many lymph-corpuscles. These may be washed out from sections of the gland, 
so as better to show the sinus, while the corpuscles in the firmer gland-pulp 
tend to be retained in place. The finer reticular tissue of the lymphoid nodules 
and cords (fig. 596, a ; fig. 597) communicates with that of the surrounding lymph- 
sinus, but is marked of! from it by somewhat closer reticulation at their mutual 
boundary ; not so close, however, as to prevent lymph- corpuscles from pass- 
ing from the one to the other. The lymphoid tissue is otherwise made up, as 
already mentioned, of densely packed lymphocytes, occupying the interstices of 
its supporting reticular tissue, and usually exhibiting, especially at the centre of 
the nodules, abundant evidence of the process of division and multiplication by 



Fia. 50r). — Section of the medu leaky suhstanck of a lymphatic gland (ox). 

(v. Rccklingliauson.) Magnified fiOO diameters. 

<(, a, a, follicular or lymphoid cords; h, h, trabecuhe ; c, lymph-sinus; d, d, blood-vessels. 


mitosis {germ-centres of Fleming ^). These germ-centres arc only found in the 
cortical nodules, which have probably been produced by the accumulation of cells 
which results from frequent division. The multiplication of cells in the 
medullary cords is either too infrequent or too irregularly dispersed to produce a 
similar appearance. The germ-centres are not distinct in young animals — probably 
because the multiplication is less localised in them — nor in very old ones.^ The 
lymphoid tissue is traversed by a network of capillary blood-vessels (fig. 596, d, d), 
which run throughout the proper glandular pulp, both cortical and medullary, but 
do not pass into the surrounding lymph-sinus. Although most of the cells of 
the glandular pulp are similar to the smaller lymphocytes of blood, larger cells 
of the character of macrocytes are here and there found. 

The ramified cells which cover the reticular tissue of the lymph-sinus often 

^ Bunting, Journ. Anat. and Physiol, xxxix. 1904-6. ^ Arch. f. mikr. Anat. xxiv. 1886. 

^ Baum and Halle, Anat. Anz. xxxii. 1908. 
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contiiin a consi(lrra})le nurnfx'r of pij^m<‘nt-.i!:ranules, ospocially in the medulla of 
th<i gland (hg. T)!)!). These r(‘ticuluni'C(‘lis ar(‘ p]iagocytic,‘ and liave been noticed 
to contain, besides pigment, erytlirocytes in stages of disint(^gration ; “ but it is 



— ]jv:\n*U(iii' tissi;k i mi.dim.a oi' an i> of doc. (Seliiil’f'r.) 

'I'lio ;ni(l tlio lil)ft‘s of Mu- ret icii liir tissiio iiro staiiHMl dnrk, tJu' ] yinphoeytjos arc' 

<Mily faintly sl.aiiKal. 

doubt fill if this is a normal condition, for simu' tlnua* arc' no blood-vesscds in the sinus, 
blood-eorpuscles which may have passed into it must Inu c' got (ly aiahdent into th<‘ 
l\mi|)h. The phagocyte's take' nj) any foreign mattm* which is brought to the 



Fl*., r.'.lS, 111 IK 11. FM FIlOAr 'I'llF. MIDCDFUIV I'ART OF A I . V M F 1 1 \'I' I ( ' CLANK. (Scll;ifor.) 

/F,('n(l ut a I rahnciila. of libroiis t issue ; r, oj>eu reticnlmii of tlu' lyiu})li ])a.tli, coutiiiiious 
with (ho (ihnls of (ho (rahooiila, ; <loiis<‘r retieuluni of the niodiillary lymphoid cords. 

'i'ho colls of (ho tissue art' not roprost'uit'd, the li^urt' Ix'ino lakou from a [irt'jiaration iii whicli 
only (ho coiinocti\c-( issue (ihrils and tin* rt'tieuJuin are staiiu'd. 

gland by the lymjih-AU'ssels ; eg/, those of thi* glands at tlie roots of the lungs almost 
always eontain soot-particles which have bei'ii inspired and brought to them in 
the lymph. Tin' trabecuhe have a eovi'ring of (‘iidothelium-cells, wdiicli on the side 

' 11. 1 foyer, Arch. f. mikr. ,\mit. xxxiv. iSSlh 

- Schumacher, Areh. f. mikr. Auat. xlviii. 181)7 ; Thome, il/id . lii. 1S!)8. 
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towards the lynipii-cliauiud aro ])r()vidod with ])roc(‘ss<'S to a^aslonlos^‘ with 
tlioso eovia iiiij; Mic I'ctiform tissuo. Tlu‘ inn«‘r surhu-o of t ho ra{)snl(* is also liiKsl with 
(‘ndo(lic 1 iuiii-r(‘lls, wliich arc (‘oiitimious .-it tJi(‘ (‘idraiicc and «'xit of the Ivnipliaties 
with the ('ridotlndiuiii of those xa^sscls. 

Blood- and lymph-vessels and nerves, . I / 7 e/vV,s' t'litcM* <ind re/z/x le.ive 1 Ik? 
izlitnd ;i,t the liilmn, siirrouiidt'd. in sonn' ylands, .-is alread\' snid. wit]\ a. deiis(' in- 
v<*stinent ()1 eoniu'ct ive lissu<a 'J 1 ie arterial i)!-anelies to (lie Is'inplioid tissian 
hilt are condiieted at lirst alony the iralMsada', and s(nn(‘ hraneiu'S nia\' ivanain 
^^ it}lin IIk' trahecadro and ])ass to tlie ca.])snl<‘ of lli(‘ yland to Ix' tliere dist l ihiitc'd. 
As the ailtMioles ])ass to tln^ [iropio’ yla.ndiilar snl)stane(\ l)i(‘ eonneei i\(‘ tissue of 
the l ralxM Ilia' wliieli t'nsla'at lis them mery<‘s ^ 7 -a.dna ll\' into lie' K inplioid I issin* of t he 
pnl|), so I hat t his at first ajijiears as a sheath to t]n‘ art(*rial hi-aneh (as in t he sjilei-n). 
'fhe arteriole soon, howevei-. hreaks up into ea])illa ri^'s. which ramifx' in th»‘ aland - 
jiiilp, siipp(H‘t('d h\’ its |)('rvadina 
retieiilai' tissue ; this forms an ad 
dil ional ad \'ent it ions eoat a r-oiind t he 
minute \'('ss('ls. The \'eins pass ahnia 
th(' traheciila' to ih(' hiliim, there 

iinitina int o one or two ('Ifeient \-eins. 

The aland ree('ive:'; a ft'W" sm;dl 
arti'rioh'S at its ai'itei'a.! siirfa,ec. hut 
ni'arl}- all ilu' hlood-suppK' eiit^'is 
and leaaa's a.t t in' hiliinif 

As to till' hf HI pl/af H'S ol tlic aland, 
tin' ahteri'iit ^ess('ls, afl;er lamifv- 
ina upon and in the tissue of the 
eapsnh', send their liraiiches thcouah 
it to ojii'ii int o t he !\'m.[)li-sinus of the 
('orti'x. aauf tlie etlereiit lymphatics 
hi'ain h\' xa'ssels whii'h lead from 
th(' lymph-sinus of the medullaiw jiart. aaid format the hiliim a dense jilexiis of 
tortuous aavd varieosi' Ivmph-vessels : from tiiesc, hiraei’ vi'ssels pi'O' ei'd to form the 
I'th'rent 1 1 links. Tin' I vmpli-sinus, tln'refore. foi'ins a pa,th tor the {'assaa’e of lymph, 
inter[)osed hi'twi'en the ath'reiit and ('Iferi'ut- I vni()ha,t ies, communica,tiny wat h bot h 
a, nd maintaining tin' eontijiiiity of t he l\ niph-st reaan. The aJfercnt and ('Iferent 
\'essels, whcr(‘ the\^ opi'ii into the l\'m[)h sinus, lay a.side a,il their eoats. exe ('])1 tin*, 
endothelial iinina ; this is eonlijmed upon the inti'iior of the (‘apsule and o\cr the 
trahei'uhe. 

ddie ncn'cs which pass to I vm[)h',alands are distrdmted chiefly to the plain 
museiilar tissue of tin' .aland and of its hlood \esscls. 

Variations in strueturr, — ' 1 'Ih' duel' HilVercnccs of sirueturc rofai in 1 \ iip»li-gian< Is 
(Icpoiid U[n)ii tlin rdativi; ainounr and iialiirc of tiic fi'a]iirn\ ork. Thus w hereas in sonic' 
animals both llie ea|)snle and the Irahecul.c' are strona ^uid mnsenlar, in otlna’s lh('\' ai'o jess 
de\ eloped and coTilain (nit little, jilain imiseidar tissiK', In some the (raheenl.e are 
almost or entio'ly al)sent, and the iiderior of the yland then looles in seel ion like a conliniioiis 
mass of lymphoid tissue, tra\a:rs<'d l)y clearer lym]»h-ehannels. 1 'his is the ease in soiin' lymph- 
alands in the human snl»ject ' (lie;. (iOO). 

runction. Witliin the, lymphoid tissue, of tin', ly npili-ylainl a prodimtion of 
iiew" [ympliocytcs is constantlv ])i-oeee<lina. This is cvidcnce'd hv the numerous 
mitoses si'cn in that tissue, espe.eially at certaaii phiees, tin* y;erm-eeiitres, as lias 

' On tlie (li^t iihutioii of tlh'hlood-vessc'ls to lyinph-riToido see ( ’alv('i't , Johns I lopk ins J losp. Dull. 

\ii. niui. 

- For the (lirt'( i( iK(‘s in stnuiine of lyiiiph chamls in doincstic ;uiiin;ds J. Uicliter, Aicli. I. inilci . 
Aiiat. lx. niO'J. 

VOb. ri. I’AKT 1. 



I'lo. Ol \ I Miiioi '' I i; \ i:i:ci I, \ ii;ow i m; 

\ \i i: cin:i- Ol \ rio\, ^nlo^\ 1 \ o s ii r. (on i i \ c i i oi 1111: 
I ..\\ie I i\ I. ri-sii ni'.irii^ \vi in nir niincinoi 
. Si-li.iter. ■ III ;hl \ liMy ii i !i''d . 

//'. t |•.llH•(•lll,l : r, ret iciiiinii. 
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already been mentioned.* As the newly formed corpuscles accumulate in the 
middle of the lymphoid tissue, they tend to push out into the lymph-sinus the 
lymphocytes which arc already formed. These pass into the lymph-sinus, so that 
fresh corpuscles are thus added to the lymph as it traverses the gland. As a 
consequence, it is found that the corpuscles are much more abundant in the lymph 
or chyle after it has passed through a lymph-gland. 

H^MAL LYMPH-GLANDS AND H^MAL GLANDS.^ 

Both in man and other mammals glands are constantly found which have the 
general appearance of lymph-glands except that they are of a red colour and that 
on section the sinuses — or parts of them — are found to be occupied by blood instead 
of lymph (see accompanying Plate). When parts of the sinuses are occupied by 



Pig. 600 .— Section of a lymph-gland fkom thk neck of an eigiit-ykak-old child. 

(v. Ebner.) Magnified IS diameters. 

r, capsule; c.n, cortical nodules of lymphoid tissue, some with germ-centres (lighter in 
central part); w.c, medullary cords of lymphoid tissue; /.s, lymph-sinus (the more lightly 
shaded part of the section); tr, trabeculie; /, lymph-vessels; blood-vessels; v, vein, 

lymph these glands are termed licemal lymph-glands (Eobertson), when all are 
occupied by blood they are known as Jicemal glands ; it is stated that these purely 
haemal glands have no relation to lymphatics, neither receiving nor giving off any 
lymph-vessels.^ The blood-sinus in the haemal glands is sometimes very large and 
may occupy the greater part of the interior. 

The blood-corpuscles penetrate amongst the lymphoid cells of the lymphoid 

^ Flemming (Arch. f. mikr. Anat. xxiv. 1885) described in the lymphocytes of the germ-centres 
certain peculiar partich^s staining readily with basic dyes, which he termed the ‘ stainable particles.’ 
They are possibly extruded portions of nuclear chromatin, but their real nature is unknown. 

* The following are some of the chief papers on hiemal glands: Honeage Gibbes, Quart. Journ. Micr. 
Sci. xxiv. 1884, Amer. Journ. Med. Sc. 1898; Drummond, Journ. Anat. and Physiol, xxxiv. 1900; 
Clarkson, Brit. Med. Journ. 1891, Text-book of Histology, 1896 ; Robertson, Lancet, 1896 ; Vincent 
and Harrison, Journ. Anat. and Physiol, xxxi. 1897 ; Vincent, Proc. Phys. Soc. .Journ. Physiol, xxii. 
1898; Warthin, Boston Journ. Med. Sci. v. 1901, Amer. Jouni. Anat. i. 1901'; T. Lewis, Intern. 
Monthly Journ. Anat. and Physiol, xx. 1902, Journ, Anat. and Physiol, xxxviii. 1004 ; K. Helly, 
Krgebn. d. Anat. xii. 1002; Weidenreicli, Arch. f. mikr. Anat. Ixv. 1905. 

5 Weidonreich, op. cit. 










Haemal lymph gland: haematoxylin-eosin. (Schafer.) 

The upper figure fAJ shows a complete section through a small haemal 
lymph gland, magnified 60 diameters; the lower figure a portion 
of the cortex of the same, magnified 400 diameters, 
r, capsule, containing smooth muscle fibres; tr, fine trabeculae passing 
in from capsule; Z?/, blood sinuses full of red blood corpuscles, which 
are also seen in the interstices of the lymphoid tissue, lt\ ly, lymph sinuses; 

eo, eosinophil cells. 
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tissue boiiiidiiiir tlic l)loo(l-sinus«‘S ; mid ])]i.‘iuocvtosis of orytliiocytes, with 

breaking down of tlieir liremoglobin into pigment, is a eoinmon plumoiuenoii in 

these glands, ddie phagocytes ar(' mostly large uniuuehaiti'd eells (imieroeytes) , 

but th(i endothelial colls of the sinus and T \ ' 

retiimlar tissue appea.r also to be phago- IM vHef 

cytie. Polymorphous leucoc'ytes, rare in 

ordinary lymph-glands, are common in 

these; oxyphils also occur numerously, a, ml 

basiphils arc found occasionally; all of 

these being p(U-haps brought to theglaaid 

by thij blood. (j}ia,nt-c(‘lls with large hdied 

nuclei similar to. the megakaryocytes of ^ V 

bone-marrow are also found in some ol , fip 
these glaaids. Tlie blood-sinuses appear to 

be in communicaition on the one hand with ^ 

the arterial capi Ihiru^s and on the other with ’I’ 

the veins of the gland, the arrangement. 
in the hiemal glands and in the luemal |>a,rt 
of tlie liaunal jymph-glaaids being somewhat ’? 

similar to that which obtains in the splemn y]i ^ V: 

Indeed, these oi-ga.ns, the microscopic struc.- ; /f 
ture of whicJi has been elucirhttial only if''ig.wk 

wit hin ri'cmit years, \vere probalilv often wls /f^c’ 

considered to lie small itcci'ssory s])leens. 'M 
The ly mpliatic part of the luemal lymph - 
gland is precisely liki^ t hat of tlie ordinary ^ 
lymph-gland. According to som(‘ authors ■ Vp 
communications may be found betwemi L/i^4'4 (■!' 

the blood- and lympii-sinuses in the mixed 

glands. h 

Some of th(‘. luemal lymph-glands arc* i 

said to resc'mble red marrow in struc- 
ture. These have been tcumn'd lev Wa.rt hin 
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‘ marrow lymjih-glands ’ ; they are charac- 
tcrised by smalhu- blood-sinuses, numerous 
basiphil cells and occasiomd giant-cells. 

Haunal lym{>h-glands are lound in man in 

■ 1 it' /I 1 • 1 Jl -i 1 -I \ t’l<.. r.dl. I)r\ KHU INSi l,^ Ml-Il (iCANI> ! rc>M 

tluJ:a)donu■n(bohmdthepcnt()n(^^lcavlf,\■). , ■ikaxsm ,;.,: s,;. m„n ,,. 1 ; n, . k 

in the neck, and in the thorax. 1’hey va.ry a im.. kmimc.o la mm. i..)N(;. iSal.in.) 

• T T I ■ ■ 1 * 1 * j .\|.'lLrilllH‘iill(ll;inil“l<'rS. 

consideraolv m siz(', soim*. b(*ing only pist , , , . • 

. 1 1 . “ I • T ' 'A Mic lo|) oi the liLMin* IS in llin posit 1011 o| 

Visible m a. diss(‘et(‘d part, others as larg(‘ (]m> i.ii um inlnm ..i iho phui.i. 

as a broad-hi'an. They are still more /.//, Ivmph lu-ari ; /.a. ;in\‘r. n( ivnipii-duct ; 

numerous in the sheep, and in the rat '>''>"• 

(Lewis), but less easily found in the dog and eat. Tlaana.l lympb-glands oeenr in 
birds (Yinctmt and Harrison), although tlu'se animals posst'ss few lymph-glands of 
the ordinary t \^pe. 

Development of lymph-g^lands.— 'I'he first ajipenrance of 1 hese Organs i.s seen (in the 
human feetus of Ij- inch) in the form of a plexus of lymph-vessels amonirst/ avIucIi masses of 
lymphoid tissue aecumulatc and eventually form intereornmunieal iiig columns (see figs. 001 , 
602, 003, from the pig). Blood -ve.ssels ])enetra1e into llic.se cnJiimns,' and the whole l)('comes 

^ Af'cording to (iiiihind i.Iouni. I’atli. iitnl I’.Mtt. ii. IsUt; cf. nlso Anal, llcftn, vi. IHDG, and 

K(‘tt.erer, Jomii. de I’anai. IIH) 1 ) 1 In* l»l()od-v<'Sscls am drvadoped first, and 1 In* 1 vmpincnlls an* Iwou^diL 
by thest* and form lymjilioid tissue in tlie iiiesln*s of tin* vascular plexus, uliieli is at first surrounded by 
a sinus-like lyni|)h sjiai-e : the lytnjdi jiaths within fli*' ^land are toniied af a sidiseipn nt stapm. 
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trabeculae. Lewis found at this time no sign of lymphoid tissue in the spleen or thymus and no 
lymphocytes in the blood. 

Accumulations of lymphoid tissue occur later in different parts {e.g. in the mucous and 
serous membranes) in connexion with the formation of a reticulum of branching mesenchyme- 
cells, either outside of or within a sinus-like lymph- vessel, a network of blood-capillaries becoming 
developed within the reticular tissue (fig. 604) (Klein).' 

THE SPJL.EEN. 

The spleen has two membranous investments — a serous coat derived from the 
peritoneum, and a fibrous coat, or tunica fropria. The soft substance (pulp) of the 
organ is supported by a reticular framework of fibrous and muscular bands 
(trabecula^). 



Fio. G04. — Developing lymph-nodules from the guinea-pig’s omentum. (Klein.) 


A, formation of lymphoid tissue outside a sinus-like lymph- vessel. 
n, lumen of vessel; c, its endothelium; e, lymph-corpuscles within it; d, blood-vessels; 
b, lymphoid tissue consisting of branclied connective-tissue cells, attached to the endothelium 
and containing lymphocytes in the meshes of the reticulum which they form. 

B, formation of lymphoid tissue in the interior of a lymph-sinus. 

a, bf c, venule, arteriole, and capillary neUvork, all enclosed within the sinus ; d, lumen of 
sinus ; e, lymphoid tissue within the sinus ; /*, endothelium of sinus. 


The serous ooat is thin, smooth, and firmly adherent to the tunica propria 
beneath. It closely invests the surface of the organ, except where it is reflected 
to adjacent organs, and at the hilum. 

The tunica propria or capsule (figs. 605 to 607), much thicker and stronger 
than the serous coat, is whitish in colour and highly elastic. It is composed of fibrous 
and muscular tissue with many clastic fibres, and at intervals gives off trabeculae into 
the interior. Along the hilum the proper coat is reflected into the interior of the 
spleen in the form of large trabecuhe, which support and ensheath the blood-vessels 
and nerves entering liere, and ramify along with the blood-vessels, as far as 
their finer subdivisions. These trabecuhe, whic li pass in at the hilum, become 
continuous in the interior of the organ with the numerous trabecular processes 
which, as already stated, pass in from the whole inner surface of the capsule. 
This arrangement of the sheaths and trabeculae may be easily displayed in the 
spleen of the ox by pressing and washing out the pulp from a thick section ; 

^ For the mode of regeneration of lymph-glands after partial excision see Meyer, Johns Hopkins 
Hosp. Bull, xvii. 1900. 
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they are then seen to form a close reticulation through the substance of the spleen. 
Thus, the capsule, the sheaths of the vessels, and the trabeculae, all of a highly 
elastic nature, constitute an extensible and contractile framework, containing 
in its interstices the red pulp. The framework is composed of interlaced bundles 
of areolar tissue with a large amount of fine elastic tissue, and a few plain 
muscular fibres. In the spleen of the pig, the dog, and the cat, and to a smaller 
(extent in that of the ox and sheep, there is a more abundant admixture of mus- 
cular (‘lements. The spleen exhibits a regular rhythmic contractility, contracting 
and dilating about once a minute.^ This action is readily increased by drugs and 
many animal extracts and is also influenced through the central nervous system.^ 
The pulp of the spleen is of a dark reddish-brown colour : when pressed out 
from between the trabecula) it resembles clotted blood, and, like that, acquires a 
brighter hue on exposure to the air. In fact, what is thus pressed out from the 



Pi(j. ()()5. - Section of Spoeen, somewhat maonified. (G. Mann.) 

Tlic section was stained, and therefore the Malpigliian corpuscles appear darker than 
the pulp. The venous sinuses show as clear spaces. The larger veins are contained 
in the trabeculae. * 

dead spleen is mainly clotted blood which fills the interstices of the pulp and the 
venous sinuses which everywhere pervade it. 

When a thin section which has been treated with dilute alkali or subjected to 
tryptic digestion and stained by iron haematoxylin is examined under the microscope, 
the pulp is seen to be everywliere pervaded by a reticulum of fine fibres continuous 
with the tissue of the trabccuUc (figs. 608, 609). These fibres are in the natural 
condition covered over and concealed by branched connective-tissue corpuscles. 
These are of various forms and sizes ; in some parts little but the inter- 
communicating branches remaining, in other parts the cells being large and flat 
and in closer connexion. The corpuscles in question, which may be termed the 
reticulum-cells (fig. 610, c), contain eacli a round or oval nucleus, like that of a 
connective-tissue cell; and in teased-out preparations of the fresh spleen-substance 
it is not uncommon to find within them yellowish pigment-granules of various 

’ Hoy, Journ. Physiol, iii. 1881, ^ Schafer and Moore, Journ. Physiol, xx. 1896. 
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si^es. The interstices between the reticulum-cells are, in sections of the hardened 
organ, always found to be occupied by blood (fig. 610, a), white corpuscles occurring 
in larger proportion than in ordinary blood, especially in the neighbourhood 
of the Malpighian corpuscles to be immediately described. In close relation 
to the reticulum-cells, and occupying some of the smaller interstices between 
them, rounded, unbranched cells are seen, larger than white blood-corpuscles, but 
otherwise much resembling them {spleen-phagocytes, fig. 610, d). These cells are 
highly amoeboid and phagocytic, and, as well as the reticulum-cells, often contain 
both red blood-corpuscles in various stages of disintegration, and clumps of pigment- 
granules. The phagocytes are also seen in the venules (fig. 610, 6). Some observers 
have noted the presence of nucleated red corpuscles or erythro blasts (similar to 


Fiu. 



G0(). -Vekticai. section of a poution of the monkey’s spleen, as seen 
WITH A LOW powEU. (Scluifer.) 


those found in marrow) both in the splenic pulp and in the blood of the splenic 
vein ; but these arc difficult to find except in young animals or in animals which 
have a short time previously lost much blood. Giant-cells, with numerous or 
multi-lobed nuclei like those of bone-marrow, are also found in the pulp of foetal 
and young animals (fig. 611). 

Blood-vessels. — The splenic artery and vein, alike remarkable for their great 
proportionate size, having entered the spleen at the hilum by six or more branches, 
ramify in its interior, enclosed Avithin the trabecular sheaths already described. 

The smaller branches of the arteries have an adventitia derived from the 
trabecula?, and pass into the proper substance of the spleen, dividing into small 
tufts of arterioles arranged in pencils (fig. 612). But before they thus terminate, 
the adventitious fibrous coat which is prolonged over them from the trabeculae 
becomes transformed into lymphoid tissue, which forms a comparatively thick 
sheath along each. This lymphoid sheath is abruptly dilated here and there into 
small oval or spheroidal enlargements, measuring on an average 0.36 mm. in 
diameter, but varying in size from much smaller than this up to 1 mm., and closely 
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resembling the lymi^hoid follicles met with in the intestine and elsewhere. These 
lymphoid expansions may be seen on the surface of a fresh section of the organ 
as light-coloured spots scattered in the dark substance composing the pulp (but 
of a darker colour than the pulp in stained sections of the organ), and have 
been long noticed and described as the Malpighian corpuscles of the spleen 
(figs. 605 to 607 and 612). In some cases the corpuscle is developed only on one 
side of the arterial wall, upon which it then appears to be sessile ; whilst in other 
instances — and this is the most frequent in the human subject — the expansion 
surrounds the v(‘ssel, which on section is seen to octuipy a central or slightly 
exeentric position within the corpuscle. In either case the artery sends off 
branches which supply capillaries distributed in the corpuscle. 

In the guinea-pig the lymphoid tissue around the arteries is not swollen out into spherical 
Malpighian corpuscles, but its enlargement is uniform over a considerable length of the artery. 

As just stated, the Malpighian corpuscles are localised expansions of the 
lymphoid tissue of which the (‘xternal coat of the smaller arteries of the spleen is 



Fi(j. (507. — Vek'I’U'al sKcrioN of a smalf sufeuficial foution of the human 
SFLEEN. (From Kiilliker.) MagiiiHed witli u low power. 

A, peritoneal and fibrous covering; 6, trabecula*; e, c, Mal])ighian corpuscles, 
in one of which an artery is seen cut transversely, in the other longitudinally; 

( 1 , injected arterial twigs; c, spleen-pulp. The clear spaces within this are 
the venous sinuses. 

formed, and have apparently been produced, like tlie nodules found in lymph-glands 
and in other lymphoid organs, by increased multiplication of lyniph-cclls at 
certain spots (germ-centres, Flemming) ; the stainable particles of Flemming (see 
footnote 1 on p. 402) also occur in them. The reticulum of the lymphoid tissue 
is comparatively open, being almost absent towards the centre of the corpuscle : 
at the confines it becomes closer; there is, Jiowever, no distinct boundary 
separating it from the reticular tissue of the pulp. The tissue is densely packed 
with lymph-corpuscles, and traversed, as already stated, by capillaries. 

The small arteries, shortly after leaving the Malpighian corpuscles, lose their 
lymphoid sheath and break up into branches. Structures described under the name 
‘ ellipsoids," which arc formed of condensations of the reticular tissue of the spleen- 
pulp not loaded with leucocytes as in the Malpighian corpuscles, are found encircling 
the terminations of the arterioles. They are stated by W. Muller (bird) and 
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Whiting (cat) to be surrounded by a special sinus, but this is denied (for the cat) by 
Oarlier. The arterioles end in the capillary vessels of the pulp. These capillaries soon 





Fig, G08.— Rkticulum of spj.ee\-i»ulp shown by silvek-ciibomate method. The 

CAPII.DAIUES OF A MaLPIOHIAN COltPUSCLE AKE ALSO SEEN. (Oppel.) 

1, Malpighian corpuscle ; 2, small artery supplying it ; 0, condensed reticulum around 
margin of corpuscle; 4, more open tissue outside this; 5, (>, wall of artery on which the 
corpuscle is seated ; 7, capillaries of corpuscle; 8, branch of artery passing from Malpighian 
corpuscle to pulp. 


Flo. 009.— Small veins of spleen-pulp with heticulau tissue. (Hoyer.) 

The veins, which are invested by encircling fibres, show gaps in their walls whereby they 
communicate with the interstices of the pulp. 

lose their tubular character ; the cells which compose their walls become partially 
separated from one another by elongated clefts ; those at the extremity of the 
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capillary have branching processes and are united by these with the branched 
reticulum-cells of the pulp. In this manner the blood can flow directly into the 



FlO. 610. -ThIxN skotion op spleen-pulp of child, highly magnified, showing 

THE ORIGIN OF A SMALL VEIN IN THE INTERSTICES OP THE PULP. (Schufor.) 

Magnified 400 dianieters. 

n, blood in pulp; o/, blood in vein; 6, phagocyte in vein; c, reticuluin-cell of 
pulp ; cl^ phagocytic spleen-cell. 

interstices of the pulp-tissue. The veins, which form a network of intercommuni- 
cating sinus-like spaces within the pulp (fig. 613), commence in the same manner 

as the capillaries terminate (figs. G09, 610) ; 
that is to say, the layer of endothelium 
no longer forms a complete tube, but gaps 
are left between the cells, the si^e of these 
gaps doubtless varying with the state of 
distension of the organ. The endothelium- 
cells of the venous sinuses appear ribbed 
longitudinally with fibres derived from the 
reticulum (fig. 614). The cell-bodies with 
their nuclei project somewhat into the 
lumen of the sinuses (fig. 615). In the 
human spleen, and in that of the monkey, 
the sinuses are encircled by ring-like anas- 
tomosing fibres (fig. 613) which are in 
continuity with the fibres of the pulp- 
reticulum, and according to S. Mollier the 
ring-fibres are conjoined to the longi- 
tudinal fibres just mentioned as producing 
a longitudinal ribbing on the endothelium ; 
in this manner the reticulum of the pulp and the endothelial cells of the venous 
sinuses are intimately connected. The tissue of the pulp may be compared to a 



Fl(}. oil.— A OIANT-CELL FROM THE Sl’LEEN 
OF A KITTEN. (Schiifer.) Magnified 400 
diameters. 
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sponge, with innumerable irregular interstices and larger channels — ^the venous 
sinuses — grooved out in it and leading into commencing veins. 

The regular longitudinal and circular arrangement of "fibres in the walls of the 




Fig. 612.— Small artery from the dog’s spleen with Malpioiiian corpuscles 
ATTACHED. (KolUkcr.) Magnified 10 diameters. 


sinuses is seen in man and quadrumana (figs. 614, 615). In most other animals 
the arrangement is for the most part that of a uniform reticulum ; although in 


Fig. 613. -Venous spaces of spleen pulp, showing the encircling fibres 
IN THEIR WALLS, (v. Elmer.) 

cv, capillary veins ; pulp (the tissue-elements are not represented). 

some there is displayed a tendency to such transverse and longitudinal arrange- 
ment (S. Mollier). 

The small veins take a different course from the arteries, for they soon pass 

to the trabeculae and are conducted upon and within these, freely joining and 
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uiia.stonKjsiiiLi ; whereas tlie arteries appear to liav(‘ few or Jio anastomoses within 
the suhst.itiec of (lie oi‘!ian. 

hh’orn the Hrseription a,])()ve .liiven, it would a])p(au* tliat the Idood in passing 
tliiijugli tile s})hM‘n is l)iou!iht into immediate relation with tlie elements of the pulp, 
and no doubt it umheTot's important ehau,u<‘s in t lu* passa^^r' ; in tliis respect 
r('S(‘mb]ing tin* Jympli as it passes throui^h th(‘. lymph-ylaiids. Two modifications 
wiiioli aia? probabK' elfected in it may b(‘ heia' pointed out. In the first ])lace the 
Ivmplioid tissue (Uislieat liiny the arteries, toeetluu’ witlv tliat composine- tlu' 
Malpighian eorpusch's, would appea.r, likii tlui same tissue in the lymph-glands 
and oth(‘i' parts, to lie the s«ut of the production of l}Tii()]iocyt('S. At tlie circum- 
bu'ence of this tissma these can pass into the interstices of tlu' pulp, and so into 
the blood, it is found, in fact, that th(‘ blood of the splenic v<‘in is (‘xtremely 
rich in lymphocytes. In tie? S('cond ])lacc, red blood-corpuscles may bi* tahaai up 



I'll,, c.ll. Si];r\ri, \ii:\\ m \ \ i xwi's :-i\rs i si.( i lox rin.i- oi' m-liii.n d .monki.^, 

(S. M..|li.‘r.i 

'I'i K ' l( 'I I 1 1 I K I i I III i 11 i MCS ( >1' I lie w.i II of I 1 10 sill IIS ;ilnl I li* ■ t IM lis \ (il »ros of [lir I't ■! icll 1 ll m 

wliicli (‘iicirclo I III' siliii', iiiT well sluiwn. 

by 1h(‘ piilj) c(‘lls. tlieii- (oloii ring - nia,l tel* Ix'ing t ransfornual into pignH'nt. The 
s[)leuic, cells lia\'c. iiideeib beiai no1i(*cd, when exa, mined on tlu' warm stage, to t;il\'e 
r(‘d coi*pus(‘!es into iIkmi* intenoi*. Lasllv, if it lie tin* case, that nucleated red 
corpusch's oc( ur uoitiialK' in the spleen, it. mav also be a seat of formation of 
('oloiiri'd blood coi piisch‘s, al least in sonu' animals. 

Aceerdiii- te t'. 1*. Mall ' tlie apleeii may he i-eganled as eomjiosed of a gieat iniiuheL’ of lobules 
abmit 1 mm. in (iiamelci’, i injuaJeel ly markcal oil tfom one another hy the nelwoiT of the 
tralieeuhe. He (leserihcs each o| these lotmK'S as receiving a terminal arteiiole, the ea])illary 
hranehes uf ^^hiell end in small e\))ansioiis witli incomplete walls, and the l)lood extravasates 
through si<l(' <'|)enin'js in llumi into tlu* iiderstiees of the |>ulp. The small veins, which form 
a plexus \\ it hill llie lohnle, liavc .similar lateral ujteiiings, so that on contraction of the organ Hie 
hlood passos into ihem out of the )inlp interstices. 

The deseiiption of an inti'ist it iai cirenlation in the spleen wa.s originally given by Stieda and 
was sironely adxocated hy \\\ .Miiller.- Hrevious to iMiiller mo.sl authorities considered that the 

' ,h>lin^ Hoiikins llosjulul lUdlctin, i\. isUs, also Aiiier. .loiinn Anal. ii. 

Article ‘ S[)lc('ii ’ in Striclo'r’s Ihoidhook of Histology, iS71. 
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oxtravasation of blood into the ])idj> is arlilicinl, ami tliat there is a elostal eireulalioo in tlic 
organ. 'Phis opinion is still licld by some modern writers ofi the spleen. 

The lymphatics of tin' splet'ii form two syst(‘ms, a trabecular ami a jx rii'ascular. 
The vessels bc'loiiging to the former system run in tin' traber iila‘ and are in eom- 
mnnieation with a siijxvrhcial network in the eapsnle. The ptMivasoiilar lymphatic s 
take' origin in the lymphoid tissue which has ali'cady Iceen notiee'd as ensheadhing 
the smaller aiterie'S, and forming tlie Malpighian corpuseles. Alter leaving the 



ia<.. car). Fjiom a siatoix oi'' sn.rj x or afoxkio', siIo\vix<. i iii. i.oxa. i i ' i.ixm, vxd 
( IK( roAi: iiiao’.s or ini; waii.s or i iik \ rxoi s ^^ixisis or rnr. im rr. 

(S. .Mollirr.) 

Two -iriiiws ;ir(' raiowii ;)s wrll .IS .-.omc of the rrl icnl.ii' rolls iiiiil tihvf^ of tlio|>nl|). 
eaiu,“ of ( hr sinus(‘S is rilt ol >1 i(| iirl \ , .nid .1 hraiirli fioiii it, is |);ii‘tly .--mi in 1 < h 1 - i t m li 1 la 1 
srrfioii; Mir otllrroiK' is rllt .lllilost rva.ctlv toil 1 s\ rrsrl \ , so Mi;il, lli(‘ 1 01 1;.; i f 1 n i i 1 1 ,1 1 tihri'S 
of its wall a rr riii across ami a|»|»r.O' as a row of dots. N<*ti<-r t)ir pioiiiinrnt iiiidoi of llir 
riidollirliiiiii rrlls. 

l)mi|)hoid tissue the lymphaties commonly run in pairs, one oncillier sichi of an 
artery, uniting over it by frecjiient anastomoses, and sometimes pa li ially or wholly 
enelosing it. .At the hihim the t\vo sets of lymphatics join one another and proeeml 
along with the main blood-vessels, nltiimitc'ly passing into lymph-glands at the 
back of the abdomen. 

The above description of I ho eour.so of tlio lymphatics apjclics rather to t lie s])lcen of 
animals than that of man, in which lympliaticrs have not been followed into the interior of llie 
organ, except ncai- the hilnm. 
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The nerves, which arc almost entirely non-medullateJ, arc derived from the 
solar plexus. They surround and accompany the splenic artery and its branches 
and are distributed to the vessels of tin* or^uin and to the plain muscular tissue 
of the framework, but their precise mode of termination here has not as yet been 
worked out. The preganglionic nerves 1o the spleen arc derived from the thoracic 
ventral roots from the third downwards and from th(‘. first lumbar on both sides, 
but more from tin' left spinal roots than from the right.' 

The followin;^ additional articles on the spleen may he mentioned : Billroth, Virch. Arch. xx. 
1801 ; l)cnys, Bulletin de I’acadthuic! royale de medecine de Belgique, 1888 (destruction of blood- 
corpuscles); Boehm, Kupffer Festsehi ift, 18!)9; v. Kbncr, Anab. Anz. xv, 1899; Bannwarth, Archiv 
f. mikr. Anat. xxxviii. 1891 ; A. Oppol, Anat. Anz. vi. 1891 (reticulum); Eliasberg, Inaug. Diss. 
Dorpat, 189:Wformati()M of blood-corpuscles); Eusari, Arch. ital. de biol. xix. 189.8 (nerves) ; 
H. Hover, Anat. Anz. xvii. 1900, and Morphol. Arbeit, iii. 1894; A. Koelliker, Sitzsb. d. Wiirzb. 
phys.-ine(l. Ch s. 1898 (nerves) ; Carlicr, Journ. of Anat. and J’hysiol. vol. xxix. 189.5 (reticulum) ; 
Kulseliitzky, Arch. f. mikr. Anat. xlvi. 189.5 : Schumacher, Arch. f. mikr. Anat. Iv. 1900 and Anat. 
Anz. xviii. 1900 (elastic tissuo) ; Keyes, Arncr. Journ. Anat. i. 1901 (framework) ; Weidenreich, 
Arch. f. mikr. Anat. Ixviii. 1901, and Ergehti. d. Anat. 1908, 1904; Helly, Arch. f. mikr. Anat. 
lix. 1901, Ixi. 1908, ixx. 1907 ((-losed vascular system) ; Jano-ik, Arch. f. mikr. Anat. Ixx. 1907 
(closed vascular system) ; T. liCwis, Int. Monthly .lourn. Anat. and Physiol, xx. 1902 ; A. Koll, 
Ergebn. d. Phys, 1908 (formation and regeneration of red corpuscles) ; G. Retzius, Biol. 
Unters. iii. 1892; J. Sceman, ‘Hie hlut})ildendo Organe,’ Ergebn. d. Phys. 1904; Marigubi- 
Kudrjavtzewa, Anat. llefte, xxxix. I90t) ; S. .Mollier, Arch. f. mikr. Anat. Ixxvi. 1911. 

^ Scli.ifcr anO ^loorc (in the deg), i>j>. cil. 
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SEROUS MEMBRANES. 

The serous membranes are so named from the a.])[)arent natiirt‘ of the fluid 
with which tlieir surface is moistened. Tliev line cavities of. tiie body which 
have no obvious outlet. The chief examph's are, the pcrltoncunL the largest of 
all, lining the cavity of tlu^ abdomen ; the two pleura] and tie* pericardium in 
the chest ; and the tunica i agin aids surrounding each of the tesf icles within the 
scrotum. 

Form and arrang*ement. — In all cases a serous membrane has the form of a. 
closed sac, one part of which is applied to the walls of the cavity which it lines, tlu‘ 
parietal portion ; wliilst the other is rellc'ctcd oV('r tlie surface of the organ or organs 
contained in the cavity, and is theiadore icinnal the re/lected or eisceral port ion of 
the membrane. Hence tin' vise<‘ra in such cavities are not contained within the 
sac of the serous membrane, ])ut an* really placed ('xtiu’jial to it ; seeming to 



Ffc. on;.- I’avi A iKN [’ Ki'i rKF.r.icM (Kxeo riii.i.U M I fiom tiii: omia i i m ok i iii: ikm'.im i'. 

Nitr.ite of silver staiiii ik.f ( Scliiifer. ) 

push inwards the part of the membra, in* which innni*diatelv covers them, some 
organs receiving in this way a complete, and othei-s only a partial investment. 

In passing from one part to anotlKU’ the membram^ fr(*rpn‘ntly forms folds, as, 
for example, the folds (or ‘ ligannvnts ’) of peritoneum passing between the liver 
and the parietes of the abdomen. Such folds are sometimes designated by special 
iianK'S, e.g. the iiiesentery, the mesocolon, and tlie onnmtum. 

The peritoneum in the female sex is an e.xcej)tion to the ruh*. thiit serous 
membranes are perfectly closed sacs, inasmuch as it has two openings by wliich 
the Fallopian tubes communicate with its cavity. 

A serous membrane sometimes lines a Jibrous membrane, as in tln^ cas(‘ of 
the parietal pericardium. Such a combination has Immui named a fibro-serous 
membrane. 

The inner surface of a serous membrane is free, smooth, and polished ; and, as 
would occur with an empty bladder, the inner surface of one piirt of the sac is 
applied to the corresponding surface of some other part ; a small quantity of 
fluid, usually just sufficient to moisten the contiguous surfaces, being interposed. 



SKHOl'S MEMlUiANES 


41 (*) 

Tlic parts sitii;it('(l in a cavitv lined 1)V serous ineinbraiK', beinu theniselves covered 
by it, can tlius ylide easilv aifainst its parities or upon each otlier, ;uid their motion 
is rendeoal smoother lyv the lui)riea( iny fluid. 

Hi<‘ outer surface most eomnioidy adhen's to tlu‘ ])arts whicli it lim‘S or covers, 
the eonn('>;ion l)einy ch’eetcal l>y rmains of areoIa.r tissue, nanital tlK'nd’orc' ‘ sul)- 
seious,’ which, wleui tie* m<‘nd>rane is detached, yiv(‘s to its ont(“r and previously 
adherent siirlasM' a, llocculent aspt'ct. 'I'he deer(‘(*(h hiaiini'ss of theadlu'sion is very 



l''ii,.C.17. IW lx 1 1 iN.ia I Ai ( I i.i-S (ti sKKois \i i:.\i 1. sia:\ in I'uoiii.i; \ 1 1 , siidWiM, 

riiK'i ()i a. As.M K itKiixO'.s SI icK 1 ( II I Ni ; A< Koss 'I'lii'; i\ I iiuia.i.i I. Alt si-\ii:s. 

1 M . 1 Icnlnili.i III. ) 

vaaious : in sonu' [laals (he membra, m* ean sca,rc(‘ly l)e separated ; m otln'i’s its 
attacliment is so la.x as lo p(U'mit «‘asv disphuamumt. 

Structure and properties. - Serous m('mbra,nes are (bin and transparmit, so 
that the (‘olour of sul)jac<‘nt parts shiiU'S through tlumi. Tlnyv aia' toha'ably stronyy 
with a moderati', (h\e'r(‘e of i‘xtensil)ility and (‘last icity. nin'v ar(', lim'd on the inru'r 
surfa,c(‘ by a, siinph' layer of ch'a,r lla,tt('ned iri-eyularly polyyonal ci'lls (scroHs ciido- 
Uidhih), (li'i. bib), each of which contains a round or oval niK'leus with oiu' or two 
nuch'oli, and an int ra.nueh'a,i* network. Tin* oiitlim's of tin' c('lls may I'cadilv b(i 



C)ls. I’.iifi iixN nr r.x ix > i n i i,i i \i ok l•la;n (•^J•:l \i l•■K().\l nn. i xDni :a T'vi'\ei, ci' riiK 
Koani’s i)i Ai'iiiiACM. (Kirill.) 

a, l;ii-L'('r A, sm.-ill nnrpt, willi licri; ;iiid tliorr a psiaidosloina trlwcMMi. 

l)roimht into vii'W by tica,tment. witli niti'a,t(' of silver. Tiie int ('re('llular lines of 
pinction which aia^ thus made «'vid(mt maw bt' stra,iyht and even, but are most 
commonlv sliyhtly jayyed or sinuous. Thev art* not ('very where completely 
S('j)ara,ted from on*' anotlu'r by cmnent-substance, but may be inti'rconnecti'd by 
protojilasmie bridya's (ti^. blT), whieh stretch across tlu' intervals betw('('n adja,cent 
Ci'lls.* According to Kolossow' tlu're is a, thin cutieular layi'i* on the free surface 
of thi' ('ndoth('liiim-cells of serous nu'mluaines. This cuticle may sliow Aa'rtical 
s( rial ions.'- 

\. Kolossow, Arch. 1, mikr. Anal. xln. Isa;;. - C'l'. v lininn, (.'ontralt)!. f. T^ath. xi. 
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Tho endotholium- cells of a serous membrane are connective- tissue cells of the lamellar type. 
In some situations they are the only colls in the tissue. This is the case, for example, in the 
omentum of the cat.' 

Here and tliere between the cells apertures are to be seen, which are of two kinds. 
The smaller (fig. 618), which are also the more numerous, are occupied either by 
an accumulation of the intercellular substance or by processes sent up to the 
surface of the membrane from more deeply lying cells [fseudostomata of Klein and 
Burdon-Sandcrson) : the larger ones, on the other hand, are true apertures (stomata), 
around which the endothelial cells have a tendency to a radial arrangement : they are 
in some situations .surrounded by a ring of small cubical cells (fig. 619, s, 5 ). The 
true stomata always open into a subjacent lymphatic vessel, either directly or by the 
medium of a short canal lined with cubical cells. The surface cells of the serous 
membrane are not everywhere uniform in size, but patches are here and there 
met with in which they are small 
and granular in appearance, and 
it is in those parts that the 
stomata and pseudo-stomata are 
most frequently seen (figs. 618, 

619). 

The stomata were discovered in 
the peritoneal covering of tho central 
tendon of the diaphragm by v. Reck- 
linghausen, who found that milk- 
globules could bo made to pass 
through them into the lymphatics. 

Similar apertures wore found by 
Ludwig and Dybkowsky in the pleura 
of mammals, and by Schweigger- 
Seidel and Dogiel in the septum 
between tho peritoneal cavity of the 
frog and tho great lymph- sac (cis- 
terna raagna) behind it (tig. 620). 

They have since been described on 
the omentum by Klein, and have also 
been recognised in the pericardium. 

They are not always easy to find, ’ but 
their existence can readily be shown 
by introducing fluid containing very 
fine granules in suspension into the 
peritoneal cavity of a living animal, and examining the lymphatics of the central tendon after 
the lapse of an hour or two. They are very easily seen in microscopic preparations of the 
dorsal peritoneum of the frog. 

Underneath the endothelium the membrane is composed of a connective-tissue 
ground-substance in which are fibres, both white and elastic. The elastic fibres 
in many serous membranes, as remarked by Henle, are principally collected 
into a reticular layer near the surface (fig. 621), although they also pervade 
the rest of the tliickness of the membrane. The bundles of white fibres are also 
arranged in a reticular manner, frequently uniting with one another, and the 
meshes of the reticulation which they form are occupied by the ground-substance 
of the membrane, and bridged over by the. flattened cells of the general surface. In 
some of tl\e folds formed by serous membranes and especially in the great omentum of 
many animals, including man, the meshes of the reticulation have become open in 
many parts owing to the absorption of the intervening ground-substance and the 

^ GronrooH, Anat. Hefte, xxii. 1003. 

A. W. Meyer, Studies from the Anat. Depart, of the University of Wisconsin, 1900. 

VOL. II. PART I. EE 



Fig. 619,— Small portion of peritoneal surface op 
DIAPHRAGM OF RABBIT. (Klein.) Magnified. 

/, lymph-channel below the surface, lying between 
tendou-buodles, f, and over which the surface-cells are 
seen to be relatively smaller, and to exhibit five stomata, 
s, 8, leading into the lymphatic. The epithelium of the 
lymphatic channel is not represented. 
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perforation of the cells covering it, so as to allow of a free communication between 
the two sides of the fold of membrane. In the thicker parts of a serous membrane, 
the ground- substance contains blood-vessels and lymphatics, often with lymphoid and 
adipose tissue ; besides connective-tissue corpuscles with their corresponding cell- 


spaces (fig. 547), which in the serous 





Fig. 620. — 1. Epithelium from the posterior 
part op the prog’s peritoneum, showing 

• THREE STOMATA LEADING INTO THE CISTERNA 
LYMPHATiCA MAGNA. ( V. Ebner, after Schweig- 
ger- Seidel and Dogiel.) 

2. A PORTION OF EPITHELIUM FROM THE 
PERITONEAL SURFACE OF THE RABJHT’s 
DIAPHRAGM. ThREE PORES ARE VISIBLE 
BETWEEN THE EPITHELIUM-CELLS, (v. Ebner, 
after Ludwig and Schweigger- Seidel.) 



membranes are very often collected into 
endothelium-like patches. In parts of 
the membrane in which the connective - 
tissue cells are more thinly scattered, 
they possess branching processes, some 
of which intercommunicate with those of 
neighbouring cells : others may pass up 
to the surface of the membrane as pseudo- 
stomata and others again become con- 
nected to the walls of the lymphatics 
and blood-vessels. 

In the human subject, the serous 
membranes are bounded under the 
epithelium by a basement - membrane 
(Bizzozcro). 

The blood-vessels of the mem- 
brane end in a capillary network with 
comparatively wide meshes, which per- 
vades the subserous tissue and the tissue 
of the serous membrane. The vessels 
are much more numerous in the nodules 
and tracts of lymphoid tissue (see below) 
as well as in the adipose tissue, which 
is found largely developed in the serous 
membranes of fat animals. 

The lymphatics of the serous mem- 
branes are abundant. Their relation 
both to the cell-spaces of the tissue and 
to the surface of the membrane, as well 
as their general arrangement, has been 
already noticed (p. 356). 

Nodules of lymphoid tissue may 
occur in the substance of the serous 
membranes, but they are never sharply 
circumscribed. More generally the lym- 
phoid tissue takes the shape of elongated 
tracts which follow the course of the 
small blood-vessels, receiving from the 
latter branches which divide to form a 


Pig. 621.— Section of pleura ox. (Pavaro.) 
Magnified 270 diameters. 

endothelium ; w, substance of membrane 
with numerous elastic fibres; /t, hypo-pleura; 
/, lymph-vessel. 

numerous in the young animal ; in t 


capillary network. Lymph- vessels run in 
these tracts alongside the blood-vessels, 
and often partially enclose them. These 
lymphoid nodules and tracts are more 
I adult their place is frequently taken by 


lobules and tracts of adipose tissue. 

The nerves of serous membranes are partly destined for the blood-vessels 
and for the most part accompany these in their course. Some fibres, however, 
are distributed to the substance of the membrane, in which they form a plexus 
with large meshes : from the branches of this plexus fibres may be traced which unite 
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into a som<‘wliat liner plexus near the surface, where the nerve-fibres (MuI in tenninal 
ramifications and in end-bulbs. In the deeper parts of some serous membranes 
Pacinian eorpusch's occur. Tliese terminations have already been considered 
(pp. 2G3, 2G7, 275, and fiys. 412, 413, 421, and 43G). 

nevelopment of the serous membranes. — fioroiis eavitics are all devoloped from 
the ccelomic split which occurs in the latoral raesoderinic sheet at an early stage of embryonic 
history. The mcsoderra-cells which lino tho cavity of the intra-t'inbrvonie cadom ' become the 
endothelium of the serous membrane and the adjoining mesoderm becomes developed into the 
connective tiSvSue of tho vserous membrane. The connexion of the cavities of these membranes 
with lymph' vessels, which, as well as blood-vessels and nerves, ]){;netrate fn.'oly into tho serous 
membrane and ramify near its free surface, is established later by tlu^ formation of stomata. 
The serous cavities, therefore, although moistened with a fluid of the general nature of lymph, 
aie not strictly speaking to ho regarded as enlarged lymph-spaces like those which occur so 
extensively under the skin of the frog. 

’ An account of tlie fonnation of the ctelom and the siihsecpicnt clianj^es which occur in it and 
rt'sult in its su))(livisit)n into the several serous taivities will l>c found in the part of this work (Vol. I.i 
which d('!i]s witli Embryology. 
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Synovial membranes are connective-tissue membranes which are found 
surrounding closed cavities in connexion with movable structures in certain parts, 
such as the joints, the elongated sheaths in which some tendons glide, and at various 
situations between the skin and bony prominences below it. Synovial membranes 
are distinguished by the nature of their secretion, which is not lymph, like that 
moistening the serous membranes, but a viscid glairy fluid resembling the white of 
an egg and named synovia. From its nature it is well adapted for diminishing 
friction and thereby facilitating motion. 

If a drop of synovial fluid is examined microscopically, it is found to contain 
(in addition to fat-molecules) a few amoeboid corpuscles (leucocytes), as well as 
detached cells similar to those which occur on the projections of the membrane. 

The different synovial membranes of the body are referred to three classes, viz. 
articular^ vaginal^ and vesicular, 

1. Articular synovial membranes^ or synovial capsules of joints. — These by their secretion 
lubricate the cavities of the diarthrodial articulations — that is, those articulations in which the 
opposed surfaces glide on each other. In those cases the membrane may be readily seen covering 
internally the surface of the capsular and other ligaments which bound the cavity of the joint, 



Fio. 622 .“-Haverhian frinoek seen at the edge op a fold of synovial memhrane. "^(Ilamraar.) 


a, free surface of the membrane with long and short villi (T), some of the shorter villi 
being free from cells; h, portion of membrane closely packed with cells; h,' h,’ iiortions 
without cells. 

and affording also an investment to any tendons or ligaments which pass through the articular 
cavity, as in the instance of the long tendon of the biceps muscle in the shoulder- joint. On 
approaching the articular cartilages the membrane does not pass over them, but terminates after 
advancing but a little way on their surface, with which it is hero firmly adherent. The synovial 
membranes, therefore, do not form closed bags lying between the articular cartilages, as was 
supposed by the older anatomists, for the main part of the surfaces of the joints is not covered 
at all by the membrane, nor even by a layer of epithelium -cells, prolonged from the membrane, 
as some have described. 

In several of the joints, folds of the synovial membrane pass across the cavity ; these have 
been called synovial ligaments. Other processes of the membrane simply project into the 
cavity at various points. These are very generally cleft into fringes at their free border ( fig. 622), 
upon which their blood-vessels, which are numerous, are densely distributed. The larger folds and 
processes often contain fat, and then are suliiciently obvious ; but many of the folds are small 
and inconspicuous. 

The fringed vascular folds of the synovial membrane were described by Havers in 1691, under 
the name of the mucilaginoiLs glands ; ho regarded them as an apparatus for secreting synovia. 
Rainey found that these Haversian fringes, as they are sometimes called, may exist in all kinds 
of synovial membrane, and that from the primary vascular fringes other smaller secondary 
processes are sent off, into which no blood-vessels enter. 

2. Vaginal synovial manbranes, or synovial sheaths. — These are adapted to facilitate the 
motion of tendons as they glide in the fibrous sheaths which bind them down against the bones 
in various situations. The best- marked examples of such fibrous sheaths are to be seen in the 
hand and foot, and especially on the palmar aspect of the digital phalanges, where they confine 
the long tendons of the flexor muscles. In such instances one part of the synovial membrane 
forms a lining to the osseo- fibrous tube in which the tendon runs, and another part affords a close 
investment to the tendon. The space between these portions of the membrane is lubricated 
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with synovia and crossed obliquely by one or more folds or duplications of the membrane, named 
“ fraena,” which in some parts inclose a considerable amount of elastic tissue (J. Marshall). 

3. Vemcular or bursal synovial membranes, synovial hursce, bursce mucosca . — In these the 
membrane has the form of a simple sac, interposed, so as to prevent friction, between two surfaces 
which move upon each other. The synovial sac in such cases is flattened and has its two opposite 
sides in apposition by their inner surface, which is free and lubricated with s3nnovia, whilst the 
outer surface is attached by areolar tissue to the moving parts between which the sao is placed. 

In regard to situation, the bursoo may be either deep-seated or subcutaneous. The former are 
for the most part placed between a muscle or its tendon and a bone or the exterior of a joint, 
less commonly between two muscles or tendons ; the burs® situated in the neighbourhood of 
joints not infrequently open into them. The subcutaneous bursaj lie immediately under the 
skin, and are found in various regions of the body interposed between the skin and .some firm 
prominence beneath it. The largo bursa situated over the patella is a well-known example of 
this class. Similar though smaller bursae are found over the olecranon, the malleoli, the 
knuckles, and various other prominent parts. It must, however, be observed that among these 
subcutaneous bursae are reckoned some which do not always present the characters of true 
synovial sacs, but look more like mere recesses in the subcutaneous areolar tissue, larger and 
more defined indeed than the neighbouring areolae, but not bounded by an evident synovial mem- 
brane. These may bo looked on as examples of less developed structure, forming a transition 
between the areolar-tissue spaces and perfect synovial cavities ; indeed it may happen that what 



Pig. 623. — Section of a synovial memjuiane. (Hammar.) Highly magnified. 


n, a superficial cell, lying on the inner surface ; 6, other superficial cells partly embedded in 
the membrane, but with projections beyond the surface; c, a detached cell within the cavity. 

is a well-developed synovial bursa in one subject is merely an enlarged areola in another. Many 
of the bursae do not appear until after birth, and they are said to increase in number as ago 
advances. 

Structure of synovial membranes. — The synovial membranes are com- 
posed entirely of connective tissue with the usual cells and fibres of that tissue. Some 
of the cells near the surface of the membrane exhibit peculiarities of staining reaction 
which, according to Hammar,^ entitle them to the specific designation of ‘ synovial 
cells,’ but in general appearance all closely resemble branched ‘ lamellar ’ connective- 
tissue cells (fig. 623). It was formerly stated, and is still asserted by some authors, 
that synovial membranes arc lined with an endothelial layer of flattened cells, 
similar to those lining the serous membranes, but, as was shown by Hiiter, there 
exists no complete lining of the kind. Here and there, it is true, patches of cells 
maybe met with which present an epithelioid appearance (fig. 624, e), as, indeed, 
we know to be the case in the connective tissue of other parts ; but most of the 
surface-cells of the synovial membranes are of the irregularly branched type 
(fig. 625), the surface of the membrane between the cells and sometimes also over 
them being formed by the ground-substance of the connective tissue, whilst here 
and there small blood-vessels come close to the surface from subjacent parts. The 
cells are in many places smaller than in connective tissue generally. They vary much 
in shape in different situations, sometimes forming a network in the tissue by the 
anastomosis of their ramifying processes, in other parts being rounded, and more 

^ Arch. f. mikr. Anat. xliii. 1894. 
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closely arranged. As Ilammar has shown, some parts of the membrane are much 
richer in cells than others. Many of the smaller synovial villi (see below) contain 
very few cells, or even none at all (fig. 622). 

The cells of a vaginal synovial membrane are often slightly elongated in the 
direction of the axis of the tendon. 



FlO. 624. — PoilTION OF THE SUR- 
FACE OF A VAGINAL SYNOVIAL 
MEMBRANE, AFTER TREATMENT 
WITH NITRATE OF SILVER. 

(Keyer.) 250 diameters. 

The cell -spaces of the tissue 
and the nuclei of the contained 
cells only are represented. 

e, epithelioid arrangement of 
cells; a, ramified cells. 



Fig. 625. -Ramified connective-tissue cor- 


PUSCLES, from articular synovial mem- 
brane OF ox. Chloride of gold preparation. 
(Reyer.) 260 diameters. 


The articular synovial membranes pass, as before said, a certain distance over the 
cartilages of the joints. They do not, however, end abruptly, but shade ofi gradually 
into the margin of the cartilage, the fibrous tissue becoming fibro-cartilage and the 
cells gradually losing their processes and becoming transformed into cartilage-cells 



Fig. 620.— Transition of c auhlaue cells i.nto lonneltiv e-tissue corpuscles of 
SYNOVIAL MEMBRANE. FroM HEAD OF METATARSAL BONE, HUMAN. (Schafcr.) About 
640 diameters. 

((, ordinary cartilage-cells; 6, 5, with branch processes. 

(fig. 626), so that it is difficult to say where the one structure begins and the other 
ends. This portion of the synovial membrane, or of the cartilage, is known as the 
‘ marginal zone ’ ; it is best marked around the convex heads of the bones, and is 
especially well seen near the lower margin of the patella (Hiiter). 

Tlie Haversian folds, at least the larger ones, agree in general structure with the 
rest of the tissue of the synovial membrane, being vascular folds of that membrane, 
the largest of them usually containing fat ; their surface layer consists for the most 
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part of irregularly stellate cells, except over the fat, where there is occasionally to be 
observed a true epithelioid covering like that of a serous membrane. The smaller 
folds are less liable to contain fat and are highly vascular. Their capillaries form 
loops near the margin. They are beset, as already stated, with non- vascular secondary 
fringes (Rainey) or synovial villi (Luschka). These (fig. 622) are small, variously 
shaped processes — often fungiform, sometimes finger-shaped, occasionally having 
the form of a thickened leaf — projecting from the margins of the folds, and 
consist for the most part of a strand of connective-tissue fibrils (fig. 627) ; they also 
contain groups of small rounded cells with granular protoplasm and in some cases 
a few cartilage-cells. The vascular folds are most common near the attachment 
of the membrane to the edge of the articular cartilage. 

Vessels and lymphatics. — The blood-vessels in 
and immediately beneath the synovial membrane are 
numerous in most parts of the joints. They advance 
but a short way upon the cartilages, forming around 
the margin a vascular zone, named by William Hunter 
‘ circulus articuli vasculosus,’ in which they end by 
loops of vessels dilated at the bent part greatly beyond 
the diameter of ordinary capillaries (Toynbee). In tlie 
foetus these vessels advance further upon the surface 
of the cartilage than in the adult. The vessels of the 
vaginal synovial membranes arc less numerous than 
those of the synovial membranes of the joints. 

The synovial cavities do not have the same relation 
to the lymphatic system as the serous. For although 
lymphatic vessels have been described by Tillmanns 
and others in the synovial membranes, they have 
not been shown to communicate by stomata with 
the cavities, nor do they as a rule lie near the fr(‘e 
surface. In this respect they differ from the blood- 
capillari(‘s, which come close up to the inner surface of 
the membrane. 

Nerves. — W. Krause described the nerves of the 
synovial membranes (at least those of the joints) as 
terminating in peculiar corpuscles (articular end- bulbs) 

(p. 263, and fig. 415). Nicoladoni traced nerves into 
a plexus of pale fibrils lying close under the surface 
of the membrane. Pacinian corpuscles have also been noticed under the synovial 
membranes in many places. / 



Fig. ( 527 . — Villus of syno- 
vial MEMHUANK. (Ham- 
mar.) Highly magnified. 


Bevelopment. — At the time of the formation of a joint by cleavage the tissue around it 
forms, in its outer part, the fibrous capsule of the joint ; in its inner part, the commencement of 
the synovial membrane. The cartilage-cells on the surfaces of the newly formed joint are at 
first, like those of the embryonic cartilage generally, placed closely together without matrix or 
intercellular substance ; after a time this apj)ears in fine lines between the cells, so that in 
silvered preparations an epithelioid appearance is presented. By a further development of 
intercellular substance the superficial cells become more separated from one another, and now 
possess an irregularly branched shape with communicating processes. Near the edge of the 
cartilage this condition is permanent, so that the marginal zone of the synovial membrane ia 
formed in situ from what was originally cartilage. Nearer the centre of the articular surface, a 
further change takes place in the progress of development. The cells lose their processes and 
acquire the characters of ordinary cartilage-cells, whilst the matrix between them becomes 
increased, and forms also a thin layer covering their surface. In some places, e,g, the glenoid 
cavity of the articulation of the lower jaw, the transformation into ordinary cartilage-cells may be 
incomplete, so that the synovial membrane extends over a larger extent of the articular surface 
than usual. 



Sl^U’KKTlNC; (ILANDS. 


A s»M r(‘l iiii»' izla.nd is aiL or^aii tlia ci'lls of whirh produce sul>staii.res destined 

to s(a’\a‘ sorn(‘ piirpos;* us(dul to tli(‘ oruanisni or to I’laiiovr siil»staiie(‘s which 

woidd l)<‘ liarrnfnl ((‘xcrction). Tiie cells obtain from tln‘ l\in))li- or l)loo(h 
plasma, the mal<‘ria, Is which furnish the ])roducls of their secia^tion, aaid.eitlnn- 
pour out .such ])roducts b\^ means of a. duct upon an iida'i'iial or ext(‘i'na.l 
surface, or anain dis(‘hare(‘ | h(‘ (daborated ju’oducls into tins l\’mj)]i- oi’ blood- 
vessels. 'rhoS(‘ whicli dischai‘,ee t hes(‘ seciauions by nnsins of ducts ar(‘ distin- 
euish(‘(J as (‘.rlrrnall If secrefittff (fl(tn(ls, c)r frefjiumtiv as ' secret ine eljmds ' simply ; 
thos(‘ which ])ass their S(‘cretion into the lymph- or blood-V(‘ssels ar(‘ known as 
Difj’rHdll ij srerdnn/ f/Zu/u/x, or, from l.unne' un])rovi(h‘(l with a. duct, as ' ducth'ss 
elands.’ Hut this last name ha,s been us(‘d to includ(‘ oi’eans that are not, strictly 
s[)(‘akine, secreting glands at all, such as the splecui and lyjnph-giands, which are 
now known to hav(' totally dilh'rmit functions, connected with the formation or 

destruction of tin* mor[)lioloeical constitinuits of tlu' blood. It will thendore 

b(‘ bett(U‘ to discaird th(‘ us(‘ of t h(‘ teimi ' duct l(*ss glands ’ and to spv'ak ol the 
organs which w(n'(^ formerly gTou{)(‘d und(‘r that liead (uther as • glands of internal 
8(‘cr(dion ’ or as ‘ Kunph-glands ^ and ‘ luemal glands,’ according to tluur taespeclivu^ 
functions. Of 1 hes(‘ th(‘ lymf)h- and liaanal glands have rdready been (hrscrilx'd. 

glands of ijitcnmal s(‘cretion diihu’ so much fro]]i one aiiotlu'r in the details 
of lh(‘ir 8tructur(‘ tliat no gen(‘ral (hescrijdion is a,})})lical)le to (Inun. This is, how- 
ev(‘r, not the cas(‘ with tin* ext(‘rna,ll\' secreting glands, the gniK'ral features of whi(di 
may iirst be noticed. 

Tlu‘ r('[)n)(lu<1iv(‘ -ovai’v jnid te.'^ticle- - rcpo'.senl a dinciHait class from anyofllic other 
oxt<a’nally S('crcf itig glands, tor l,h<‘ir s(‘ei‘(‘ti()n-pi'0(luets, alt liongli discharged })y a duel on a fi'c/e 
sui'f<‘ic(‘, do not eonsist merely of substances foi ined in and extruded from (‘ells, hut of complet(‘ 
cells, whicli hccoine (hdaclu'd as such from tlie oigan that forms them, and eaniei.l away fiotn 
it along with Iluid likewi.s(' producr'd hy the gland.' 

Some (if the (externally .seei-eting glands have as a second fuiKdion the ])roduc1ion of materials 
which pass into the lilood and serve to pioduce changes in otlu'i’ organs. Thus tlu' pancixais 
produces a material which, aftci’ its passage into the l)iood, ('xereisr^s an important inllncnce 
on tlic mc(al)olism of carbohydrates both in the li\(‘r and clsewlicri'. and 1h(‘ generative glands 
produce sulistanees which enter the blood and alTect the gnuvth of a variety of organs, the 
secondary .sexual eharac((‘rs being IlHUX'hv mainly prodma'd. Such glands must he k'cIvOiumI as 
inteiiially secreting as well as (‘xternaliv seeicting organs. 

EXTERNALLY SECRETING GLANDS. 

Tlc‘,s(‘ organs vary (mormously ii\ size a.iv<l comftlivxity of slnietunv, btit they 
all ;igi‘e(‘ in heiug composed of cpifliclial c(‘lls, tlH‘ smTigiou of wliicli is coiivcyml 
away from tlu' gland by a. duct or ducts opeming (‘ithcr upon lli(‘ surface of the 
skin or ou some internal surfact' (smdi as that of the alimentary eanal) litu'd 
by mueous mendu'anc and (‘ommuniea,ting witli tli(‘ ext(‘rior. In sonu' situations 
seereding e(‘ll,s are not aacumidat ed into a coin])a(‘t organ, but imu’ely cover or line 
a seeiading surfaia* (wliich may, liowi'ver, Im* increased l)y Ixhiig thrown, into folds, 
as in t)i(‘ ease of the serous and sviioxial imuuhraiKcs, and the choroid pdcxiiscs 
within tlu' xemtiT'hvs of (h(‘ brain). Tliis is also tlu' case with th(‘ la\’('r of cells 
whieh ('o\'<‘rs manv mueous surfaces withiti tlu‘ laxly, the mucus moist^miiig such 
surfa(‘(‘s })(‘ing in many cases {)roduccd not hv sjuudal gia.uds, hut by souu' (or all) 
of the co^■(‘|•illg (‘{)ith(‘lial cells; wfnuvas in other situations th(‘ ttiembrane is covered 
by a, noii-secrtd ing stralilied (*pit Indium, aiul tlie, mucous or si‘rous si'cretion, as 

^ 'I'he rcproiluct i\ i‘ glands .ivc (‘lassod hy M inot along willi thc‘ organs whicli jn'oducc' I'rythrocytes 
and Iciicoi \tc> under the general lead of (‘i/fufjrfiic (/Idiuls (Amer. Jouni. Anal. iv. laenj. 
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the (‘as(‘ may be, is entirely formetl and pouK'd out u]H)U tlie surfaee by ylaiids 
whieli lie beneath the mueoiis membra.ne aaid send tlicir secretion to tlie surfaee by 
ducts wliicli |)enetrat(‘ tin* epithelium. 

TIk' [»i‘inci|)al (wternallv seeretlny ylands are : 

(A) (Jland.suf tlu' alimentary eana.l, viz. ; (1) the small mucous or serous yiands 
wliieli occur uuder the mucous membrane throughout the whoh' extent of the 
uos(v, mouth, throat, and yullet, a,nd in the trachea, and ln‘on(‘hi ; (2) tiie salivary 
glands, iiicludiug the parotid, subnia.xdla.ry, and sublingual in man, ami the 
infraorl)ital and retrolingual in anima.ls ; (3) the gastric, glands; (1) tin' glands of 
Brunner and the ciyjRs of Lieb(M*kiihn of th(‘ small intestine ; (5) the liver ; (b) tin* 
pancr(‘as ; (7) tin* crypt-liki* ghuids of the lai‘g(‘ int(‘stin(‘ ; (8) the small mucous 
glands of t h(‘ anus. 

The may also he reekunL'd ainengst the glamls which o[)eii into the alimeiitary eanal, 

for tluyv r<‘sembl(‘ seeieting glands both in the, general features of their .strueluie and in their 
mode of d(‘\ eIoj)ment. 

(li) (Hands of th(‘ uriuo-gmun-ativt' a,])para,t iis, viz.; (1) the kidneys; (2) the 
ovaries a,nd testiehes; {.‘I) the small glands of tln^ ut('rus; (I) Cowper’s glands; 
(5) the glands of Bartholin : (b) the seminal V(‘sicl(‘s : (7) tln‘ glands of tin* prostate 
and iii'cthra. 

((J) ( daiids, t he S(‘cretion of which is conducted to tlu‘ siirfaaa' of th(‘ skin, viz. : 
(1) the sudoriyiarous or sweat-glands ; (2) t he sebaeeous glands ; (3) the Meibomian 
ghindsol tlie eyelids; (1) the eertiminous glands of the ext (umal auditory canal ; 
(5) tJie mainma,ry glands ; (b) the laerymal glands. 

BZodifications In form of the secreting* surface. A sea l eting apparatus 
effectual for tin* })ur[)os(‘ it is (hestiued to fullil may t)e said essentially to consist 
of a lavei' of seending e(*IIs covering a, frm^ surfaee, wJiilst a layer of liiiely rsiidlied 
blood-V(‘ssels is generally s[)i‘ead out close to tin* attaelnal mids of tln^ cells, with 
sometinnes a bas(ummt-im'nd)rau(‘ between the two. But wJiilst the structure 
may rcun.iiu (cssimt i;dly the s.ime, the eouligura,tioii of the secr(diug surface pnesents 
va lions modilica, lions in ditlcrimt sia-reting organs. In sonu'. easics tli(‘ seending 
stirfaee is ])la,iu, as in vaiious |)arts of the serous, synovial, and mueoiis membra, nes, 
wbieh may be looked on as examples of eompa ra,tively sini[)le forms of secreting 
ap})aratus ; but, in otliei' instanc(‘s, a,n<l |)articuhuiy in the special scendory organs 
named glands, the surfa,cc of the si'creting nnunbrane is variously foId(‘d and 
involved. An obvious cifect of this cornjilication is to incn‘as(‘ tin* extent of 
the seereting surfaci' in a. s(‘ei’eting organ within a givim bulk, and tlius augment 
the (plant it y ol seer(‘tion yielded by it. No connexion has been clearly showm 
to (*xist b(‘tw(‘eu tin* (/ualilif of tin*, S(*eretion and the particular eouliguratiou, (‘ither 
internal or externid, of tin* organ ; on the other hand, wi* know' that the same kind 
of seer(*li()n that is derived from a, eomph‘x organ in om* animal may la* produe(*(i 
by an a,ppara,tus of most siruph* form in another. 

There ari* two principal modes by wdiieh the surface* of a secreting membrane is 
increased in extent, namely, by rising or (irotruding in form of a [irominent fold or 
some otherwi.se sliaped yirojh'ction. or by retiring, in form of a recess. 

The first-mentioned mode of im'r(*as(*, that by pro^ru.s*/on, is not the one most 
generally followed in tin* bodv ; still it is md wdtiiout example, and as instances 
may be cited tlie Haversian fring(*s of the synovial membranes and tin* (dioroid 
plexus of tie* brain. In these eases, the membrane a.ssuim's tin* form of projecting 
folds, w'liicli, for tlie sake of further increase of surface, may be again plaited and 
complicated, or cl(*ft and fi-inged, at their borders. 

The augmentation of the secivling surfaee by recession or inversion of the mem- 
brane, in tin* form of a cavity, is, with few* exceptions, that generally adopted in the 
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construction of secreting glands. If tlie recess is simple its blind termination, which is 
often enlarged, is spoken of as the ‘ fundus " of the gland. If compound, its termina- 
tions are known as ‘alveoli' or. ‘ acini.’ In a simj)le gland the shape of the cavity 


may be tubular or saccular : of these 
two kinds of simple gland the former 
is by far the more common. Examples 
of simple saccular glands are found in 
the skin of the frog (fig. 628), of simple 
tubular glands in the alimentary canal 
(fig. 629). The secreting surface may 
be increased, in a simple tubular gland, 
by mere lengthening of the tube, in 
which case, however, when it acquires 
considerable length, the tube is coiled 
up into a ball so as to take up less 



Fig. 028 . — Simple sAccuLAn gland from 

THE AMPHIBIAN SKIN. (Flemming.) 



Fig. 021).— Thuee simple tubular glands ; from 
A section of the kangaroo's stomach. 
(ScliUfer and WilliiiniB.) 

6;w,baBementonombrane ; gl^ epithelium of gland ; 
Ity ijmphoid tissue of mucous membrane ; //m, 
muscularis mucosce. 


room, and adapt itself to receive compactly ramified blood-vessels. The sweat- 
glands of the skin are instances of simple glands formed of a long convoluted 
tube. But the cliief means of further increasing the secreting surface is by sub- 
division, as well as extension, of the cavity, and when this occurs the gland is 



Fio. 680. — Diagram of small 
ACINOUS gland formed OF 
A simple duct-system. 
(Flemming.) 



GLAND. (Kblliker.) 

a, duct ; 6, 6, branches of duct ; c, alveoli as they lie 
together in the gland ; ri, the same unravelled, showing 
their connexion as an irregular tube. 


said to be compound. There is, however, a condition sometimes met with, in which 
the sides or extremity of a simple tube or sac merely become pouched or loculated, 
in which case the tube is termed the gland-duct, as in the Meibomian glands of 
the eyelids ; in some cases, as in the small mucous glands generally, the pouchings 
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or loculations may grow out into irregular tubular alveoli (fig. 630) ; the gland 
is however still regarded as simple, since all the alveoli open into a single duct 
(Flemming).' ^ 

In the compound glands, the divisions of the ’ 

secreting cavity may assume a tubular or a 
saccular form, and this leads to the distinction 
of these glands into ‘ tubular " and ‘ acinous ’ or 
‘ racemose/ The latter were so termed from the 
superficial resemblance which they bear, when 
examined with a lens, to a bunch of grapes. But 
it is found in many cases, when their subdivisions 
are unravelled, that the apparent saccules are 
merely dilatations in the course of somewhat 
irregularly branching tubules (fig. 631); such ^ ■ 

glands are hence named ‘ tubulo - racemose,^ or 
‘ acino-tubular.^ 



myz,M 



The disuse of the term racemose or acinous, as applied 
to any of these glands, was advocated by Flemming on 
the ground that the terminal alveoh are not merely dilata- 
tions grouped around tho endings of the ducts, but are 
distinctly long and tubular in character (fig. 632) ; ho 
proposed accordingly to term them all compound tubular 
glands. But since, as Chievitz has shown, the salivary and 
all other similar glands exhibit at an early condition of 
development a markedly saccaluted character, tho ultimate alveoli, which may be tubular in 
character, being formed later as outgrowths of the saccules (whereas the tubular glands proper, 
such as the kidney, never exhibit this sacculated character), it appears desirable still to use a 
A B 


Fio. 632.— Pau t of a small, mucous 

GLAND, SHOWING THE TUBULAR 
CHARACTER OF THE ALVEOLI. 

(Flemming.) 

rt, alveoli ; d, duct. 



Fig. 683.— Reconstructed models of secreting glands. (Maziarski.) 

A, a small tubulo-racemose mucous gland from the epiglottis ; B, a small muco-seroua 
gland, with ‘ crescents ’ (the dotted parts of the alveoli). 


term which recognises a morphological difference between tho two classes of glands. And, as 
will immediately bo explained, later investigations have shown that a true racemose character 
is met with in many of the glands which Flemming proposed to term tubular. 

1 Arch. f. Anat. 1883. 
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The actual shape of the alveoli of a compound gland is not easily determined 
by the examination of sections. But Maziarski/ by the use of the reconstructive 
method, and Peiser,'^ by the examination of teased-out glands, have succeeded in 
accurately portraying in various glands the shape and arrangement of the alveoli 
and the ducts which immediately lead from them. Their figures, some of which 
are here given (figs. 633 and 634), show a considerable variation in the shape 
and arrangement of the alveoli, even in glands which are otherwise nearly 
allied in structure. The alveoli of serous glands in general are distinctly 
racemose in type,'* the somewhat globular alveoli or acini which represent the 
individual berries of the raceme being connected with the efferent duct that 

A B 


leads away from the group of alveoli (lobule) by comparatively narrow stalk- 
like ductules, whicli expand abruptly into the acini. These efferent ducts are 
continued into larger ducts, which meet with others of the same character, 
and the resulting tubes eventually pour their secretion into the main duct of 
the gland. Tliese are true racemose or acinous glands. The mammary gland 
belongs to this type, although offering many points of difference in the details 
of its structure. Other glands, e.g. many of those which secrete mucus, have alveoli 
scarcely more dilated than the ductules which open out from them and convey 
their secretion into the efferent duct of the lobule. The ductules are relatively 
large, and form, with the alveoli that beset them, small groups or lobules, each 

^ Anat. Hefte, xviii, 1902. Arch, f. mikr. Anat. Ixi. 1903. 

^ R. Metzner, Zeiitr. f. Physiol, xxiii. 1909, p. 286. 


Fig. 684.-— Isolated pobtions of vakious glands. (Peiser.) 
Magnified 300 diameters. 


Ay from one of the glands of the lip ; By from one of the glands of v. Ebner (serous 
gland) of the tongue ; O, from the mucous portion of the human submaxillary gland ; 
I)y from the serous portion of the human submaxillary gland. 
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of which has an efferent lobular duct, and these again join with others in the 
manner just described for the racemose type. When the lobules are unravelled 
the glands in question show a generally tubular character, although the expan- 
sions which form the alveoli are in some cases better marked than in others. 
When examined without unravelling, the lobules have a racemose appearance 
(fig. 631, c) ; accordingly, as already stated, they have been termed iuhulo-racemose 
glands. Some serous glands, such as the lacrymal and the glands of Ebner of the 
tongue, are constructed on this type. 

In a third type of compound gland the alveoli are represented by long tubules 
without any sign of sacculation or expansion l)eyond tlie diameter of the ducts wliich 
lead from them, although the tubules may vary in diameter in different parts of 
their course. This type is represented by the kidney and testicle, although the 
last-named organ is of a different nature from ordinary secreting glands, since 
its products, as already explained, are morphological (spermatozoa) rather than 
chemical, as is the case in the ordinary secreting gland. It is, however, built up 
like a gland, and is furnished with a duct, tiie vas deferens, which carries its 
secretion towards the exterior. Even tlie ovary, which jip pears, when fully formed, 
as a solid mass of vascular connective tissue containing vesicles — the Graafian 
follicles — lined by epithelium-cells, and enclosing the ova, displays at an early stage 
of its development an obscurely tubular structure, its epithelial cells being arranged 
in cylindrical columns extending in from tin* surface, near which they may 
even exhibit a lumen; although eventually these cell-columns (‘egg-tubes' of 
Pfliiger) become separated into islands or nests of cells to form the Graafian 
follicles. The ovary, however, is not directly connected with its duct, which is 
represented in the mammal by the Fallopian tube leading to the uterus ; for this 
duct opens by a funiu^l-shaped enlargement provided with a, fringed ciliated border 
into the peritoneal cavity near the ova.ry, and the ova., whicjh are discharged from 
the latter by the bursting of the follicles containing them, are caught upon this 
expansion of the duct and conveyed down it into tlie uterus by the action of 
cilia. 

AnotJier gland, the study of whose ontogeny and phylogeny shows it to be 
essentially of a tubular type, is the liver, in the jidult mammal the liver is com- 
posed of innumerable small solid mass(*s of cells, the hepatic lobules, about a 
millimetre in diameter and imperfectly isolated from one another by connective 
tissue. Each lobule represents a miniature gland, and is provided with a duct 
or ducts which lead away through the liver-substance and unite with others to form, 
eventually, the hepatic duct. The ducts of the lobule do not, however, arise from 
the interior of alveoli, but from minute channels (bile-canaliculi) which run every- 
where between the cells of the lobule and collect the secretion from them. The lobule 
is also traversed everywliere by blood-channels of a sinusoid character (Minot). The 
walls of these are incomplete, so that the cells are directly bathed by the circu- 
lating blood, an aiTangcrnent which obtains in no other secreting gland. Indeed 
the relationship between blood- and liver-cell is even more intimate, for the liver- 
cells are themselves excavated by a network of fine canaliculi into which the 
blood-plasma, and even on occasion blood-corpuscles, can penetrate. 

Nevertheless, difierent as the structure of the liver appears from that of tubular 
glands in general, a study of its development shows that it must be classed along 
with them. It grows out as a protrusion from the entoderm of the alimentary 
canal, and from this protrusion there extend intercommunicating strands or 
trabeculae of cells, which invade the lumen of the large sinus-like veins (omphalo- 
mesenteric and allantoic) that pass towards the sinus venosus of the heart. These 
trabecula3 are ultimately reduced to a network of cell-columns, in the meshes 
of which the blood in the venous sinuses circulates. The cell-columns presently 
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show a narrow lumen, which is continuous with the branches of the hepatic duct, 
and the liver at this stage is a tubular gland with anastomosing tubules (fig. 635). 
In certain fishes, in amphibians and in some reptiles, the trabeculae are hollow from 
the first, and in cyclostomes the arrangement is precisely that of a tubular gland, 
the tubules being separate and not joined into a network. (See Embryology, Vol. I. 
pp. 173-175.) 

Arrangrement of blood- vesBela, lymphatics and connective tissue. — 

In all glands, with the exception of the liver, the alveoli are supplied with nutrient 
plasma through the medium of the lymph which bathes the exterior of each alveolus 
and penetrates the basement-membrane to reach the cells which line it. This nutrient 
plasma is exuded from the blood-vessels of the gland, which form a capillary network 
in each lobule between and around the alveoli, but nowhere coming in contact with 
the basement-membrane, and nowhere, therefore, except in the liver, penetrating 
between the secreting cells. Capillaries are also distributed to the gland-ducts, 
and to the connective -tissue framework.' The blood-vessels and lymph- vessels 



Fio. 035.— Fuom a chromate ok silver trepauation of the liver of a six 
months’ f(Etus. (G. RetziuK.) 

Tlio bilc-canaliculi are represented black. It is seen that at this stage of develop- 
ment they do not anastomose. They appear to give minute offsets, which end between 
and within the liver-cells in small enlargements. 

are supported by connective tissue (fig. G36), which penetrates into the lobules of 
the gland between its alveoli, and is found in larger amount between the lobules, 
binding them together, in some cases firmly and in others loosely, to form the 
whole mass of the gland. The connective tissue of glands is closely allied in its 
character to reticular tissue. It forms a close reticulum around the alveoli and 
ducts, coming into connexion with their basement-membranes. The smallest 
lobules are united by it into larger ones, and these again into still larger, a peculiar 
‘ lobulated ' appearance being in consequence exhibited by the gland both super- 
ficially and on dissection. Moreover, it is seen on unravelling the gland that the 
lobules are held together not only by the connective tissue and blood-vessels which 
penetrate between them, but also by their ducts, which are continually joining one 
another as they pass towards the main duct, much in the same way as the individual 
grapes of a bunch are held together by the junction of the smaller stalks into larger 
ones, and these eventually into the main stalk. The lymphatics form a network 
of cleft-like spaces in the connective and reticular tissue of glands ; their efierent 
vessels for the most part accompany the blood-vessels. 

^ J. M. Flint, Amer. Journ. Anat. ii. 11)03, 
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Basement-membranes of grlands {memhrance proprice ). — In most glands 
the secreting cells of the alveoli and also the cells which line the ducts are bounded 
externally, i,e. are separated from the connective tissue of the gland, by a thin mem- 
brane, which is sometimes continuous, sometimes interrupted, and which has nuclei 
scattered here and there upon it (fig. 637). This is the basement-membrane, and, as 
the presence of the nuclei indicate, it is composed of more or less fused flattened 
cells of connective-tissue nature, which are sometimes united edge to edge, some- 
times connected only by branched processes, so as to form a sort of flattened basket- 
work around the alveoli. Even in this case the meshes of the basket-work are 
not quite empty, being occupied by a delicate filmy membrane, which, according 



Pia. iViiij, CONNECTIVK TISSUE OP A SALIVAIIV OLAND fSUHUINGUAU, MAN), DISPLAVED AFTER 
REMOVAL OF THE GLAND-CELLS AND OTHER TISSUES BY TRYPTIC DIGESTION. (J. M. Flint.) 
Magnified 28 diameters. 

The gland is of the mixed type, one part being composed of mucous alveoli, the other part 
of serous alveoli. 

(I, artery ; v, vein; d, main duct ; /, connective tissue accompanying tlie vessels and duct; 

Im, a lobule of the mucous portion ; h, a lobule of the serous portion {with smaller alveoli) ; 
w, m, interlobular septa. 

to Flint,’ is a condensation of the reticular connective tissue. The basement- 
membrane cells may also send flattened branches into the interior of the alveolus, 
penetrating between the secreting-cells and helping to keep them in place (Boll, 
V. Ebner). Processes which actually penetrate into the protoplasm of the cells are 
also described by Holmgren {tropliospo7ujium, see p. 26). 

^ Arch. f. Anat. 1903. Soo also Amer. Jourii. Aiiat. i. 1901 and ii. 1902. 
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Nerves. — It has been shown for many glands, and is probably true for most,, 
that both the blood-vessels and cells of the gland are provided with nerve-fibres. The 
nerves to the blood-vessels are of two kinds — viz. : nerves which cause constric- 
tion and nerves which cause dilatation ; in this way the blood-supply is com- 



Fig. 637. — Mkmbrana propria of two 

ALVEOLI OF A RACEMOSE GLAND. (v. 
Ebner.) Magnified 600 diameters. 



Fig. 638. — Alveoli of the submaxil- 

LARV GLAND OP THE DOG. (G. 
Retzius.) Golgi method. 

The extensions of the lumen into 
the crescents of Gianiizzi arc shown, and 
also the endings of nerve-hbrils. 



pletely controlled through the nervous system. In some glands these differently 
acting vascular nerves take altogether different paths to reach the gland. Thus the 
submaxillary gland and the salivary glands generally are supplied with vaso- 
constrictors through the cervical sympathetic, and with vaso-dilators through 

one of the cranial nerves ; in the case of 
the submaxillary and sublingual these arise 
with the facial and pass to those glands with 
its chorda tympani branch ; in the case of the 
parotid they arise with the glosso-pharyngeal 
and reach the gland through the tympanic 
plexus, otic ganglion, and auriculo-temporal 
branch of the fifth nerve. The nerves wliich 
pass to the secreting cells arc also of two 
kinds — at least this has been shown to be true 
for the salivary and some other glands. Those 
of the one kind (trophic fibres) chiefly cause, 
when excited, an increased formation of the 
products of secretion within the cells ; these 
nerve-fibres, although not identical with the 
vaso-constrictors, reach the salivary glands 
along the same path. Those of the other kind 
cause a rapid discharge of secretion from the 
gland (secreting fibres) : they are found in 
the case of the salivary glands to take the 
same path as the vaso-dilator fibres. The 
nerves whicli pass to the alveoli may be seen, 
in appropriately stained specimens, penetrating as fine branching fibrils between 
the secreting cells (fig. 638).* 

Secretory canaliculi. — It has long been known (see p. 569) that the bile is 
collected from the liver-cells by extremely fine canals which penetrate from the 


Fig. 639.--Aia'koli ok human sublin- 
gual GLAND PREPARED BY GoLGI 
METHOD. (E. Muller.) 

/, liimGii stained, witli lateral diverti- 
cula passing between mucus-secreting 
cells; /i, longer diverticula penetrating 
into the ‘ crescent ’ cells. 


' On the nerve-terminations in glands see Retzius, Biol. Unters. iii. 1892 ; C. Huber, Journ. Exper. 
Med. 1 . 1896. 
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interlobular bile-ducts between the secreting cells of the liver-lobule, and it has been 
affirmed by KupSer and others that these bile-canaliculi even communicate with 
minute channels, temporary or permanent, penetrating into the interior of the 
cells themselves. It has since been established that such penetration of secretory 
canaliciili between the secreting cells of the alveoli is a constant feature in many 
racemose and tubular glands (fig. 639), especially those in which the character of the 
secretion is of a watery or serous type.^ The canaliculi in question can be displayed 
either by injection from the ducts or by tracing some colouring substance previously 
introduced into the blood, such as sulpbindigotate of soda, in the course of its 
removal from the body by these glands (fig. 640), or, more easily, by employing 
the Golgi method of staining. This method serves not only to display nerve cells and 
fibres, but also gland-ducts to tlieir finest ramifications ; by it secretory canaliculi 
have been traced between the cells of the parotid and of most serous glands ; 



Fro. 040.— Secretion op coloured material by the crescent-cells of the dog’s 

SUBMAXILLARY. (R. KraiisG.) 

In the riglit-haml figure the colouring-matter is seen in the form of droplets within 
the cells, and in the left-hand figure to be collected frora these and to pass along fine 
canaliculi towards the lumen of the alveolus. 

between the cells of the crescents of the salivary glands (fig. 638) ; around and 
even into the interior of the acid-forming cells of the gastric glands ; and between 
the alveolar cells of the pancreas.- 

Muscular tissue of g-lands. — Muscular tissue of the plain variety is found, 
disposed circularly, in the wall of the larger ducts of most if not all glands. In 

^ See on gland-cells and .secretion -canaliculi, Langley, Journ. Physiol, ii. 1879-80, Phil. Trans. 1881, 
and Article ‘Salivary Glands' in Schafer’s Text-book of Physiology, 1898; Cajal, Nuevas applic. d. 
met. d. color, d. Golgi, 1889 ; G. Retzius, Biol. Unters. iii. 189‘2; Laserstein, Pfiiiger’s Arch. Iv. 1894; 
E. Miiller, Verliandl. Biol. Ver. Stockholm, iv. 1892,0m inter- och intracelluliire Kdrtelgangor, Akadem. 
Afhandl. Stockholm, 1894, Arch. f. mikr. Anat. xlv. 1895, and Zeitschr. f. wiss. Zool. l.xiv. 1898 ; R. Krause, 
Arch. f. mikr. Anat. xlv. 1805, xlix, 1807, and lix. i002; P. Stdhr, ibid, xlvii. 189G ; Zimmermann, 
Arch. f. mikr. Anat. lii. 1808; J. Arnold, ihid. Ixv. 1005; Noll and SokolofT, Arch. f. Physiol. 1005. 
According to Stdhr the mucous cells of the salivary glands and even the rodded epithelium of their 
ducts have secretory canaliculi ; but if this is so, they are far less developed than are those to the serous 
cells. Several of the above papers deal with the formation of granules in the secreting cells, 

- According to Rubaschin (Anat. Anz. xxix. 1906) the secretion capillaries are formed during the 
passage of the secretion, and are tlierefore not to be looked upon as permanent structures ; but this view 
is improbable, at least in many cases. 

VOL. II. PART I. F F 
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some cases the muscular layer is comparatively thick, but more commonly it is 
little developed. The lobular ducts and the alveoli are usually unprovided with 
muscle, but an exception is found in the case of the sweat-glands, the convo- 



Pio. G41.— Section of the sunMAXiLLARv gland of the dog, showing the commence- 
ment OF A DUCT IN THE ALVEOLI. (Schiifcr.) Magnified 4‘25 diameters. 
a, one of tlic alveoli, several of which are in the section shown grouped around tlie com- 
mencement of the duct (V ; a\ an alveolus, not opened by tlie section ; 6, basement- 
membrane in section ; c, interstitial connective tissue of the gland; <^7, section of a 
duct which has passed away from the alveoli, and is now lined with characteristically 
striated columnar cells; .s, crescentic group of darkly stained colls at the periphery 
of an alveolus. 

luted secreting tubules of which have a layer of longitudinally disposed plain 
muscular fibres between the secreting epithelium and the basement-membrane. A 



Pig. ()42.— Giunules and secretoky canaliculi op submaxillary gland of 
RAHH iT. (E. Miiller.) 

The cells, which are serous, are in different functional states, ns indicated by the con- 
dition and staining of the granules, u, cell filled with darkly staining granules; fe, clear 
cell ; c, secretory canaliculi penetrating into the cells. 

similar layer is found surrounding the saccular cutaneous glands of amphibia, and 
plain muscle has also been described around the alveoli of the mammary gland. 

Characters of the secreting- cells of g-lands and the chang-es which 
are observed in them during- secretion. — The cells by the activity of which 
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the secretion of a gland is prepared, vary greatly in form in different glands and 
even in different parts of the same gland. Thus they may be columnar, cubical, 
ovoidal, polyhedral, or flattened. In many instances they have acquired the shape 
of a many-sided pyramid, the apex of the pyramid, which is blunted, being directed 
towards and even projecting into the lumen of the alveolus, while the base rests upon 
the membrana propria. This shape of a truncated pyramid is common in the saccular 
alveoli of racemose and raccmo-tubular glands, while in glands the alveoli of which 
assume a more tubular character, and in the ducts of glands generally, a 



Fig. 643.— Paut of an alveolus of the habuit's pancreas. -1, at rest ; after 
ACTIVE SECRETION. (Prom Fostei', after Kiihne and Lea.) 

a, the inner granular zone, which in ..1 is larger and more closely studded with 
granules than in D, in which the granules are fewer; 6, the outer transparent zone, 
small in A, larger in 2i, and in the latter marked with faint striie ; c, the lumen, very 
obvious in D, hut indistinct in A\ dy indentation at the junction of two cells, only 
distinct in B. 

wedge shape is superimposed upon a columnar form, so as to adapt the cells to 
the curve of the cylindrical tubules. Like cells in general, those of secreting glands 
are composed of protoplasm containing a centrosome and a nucleus ; the latter 
may occupy the centre of the cell, but in many (uiwses lies in its basal part near 
the membrana propria. This is generally the case when the cell is filled with 
secretory products ; after these have been discharged the nucleus usually moves 
nearer to the middle of the cell. 

The most characteristic feature of the cells of secreting glands is the presence 
of secretory granules (fig. 642), no matter what may be the kind of secretion 



Fig. 644.— Alveoi.i of serous glands. A, at rest ; B, after a short period of 
activity; C, after a prolonged period of activity. (Langley.) 

furnished by the gland. They have been found in serous glands such as the 
pancreas and parotid, in all mucous glands, in the lacrymal gland, in the gastric 
glands, in some cells of the intestinal glands and in the cells of the convoluted 
tubules of the kidney. The granules differ in size and appearance and in chemical 
reactions in different glands. In the cells of mucous glands they are large and, 
when stained, are conspicuous ; they are usually smaller but still very distinct in 
those of serous glands (where tliey are easily seen in the fresh condition) and in the 
chief or pepsin-forming cells of the glands of the fundus of the stomach ; in the 

F F 2 
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aeid-fornurij^ cells of the fundus glands and in the pepsin-secreting glands of the 
pyloric part of the stomach they are still finer. That the granules are directly 
rela ted to the process of secretion was first renderc'd evident by the observations of 
Jjangh‘y ^ on the parotid and those of Kiiline and Lea ' upon tin; cells of the pancreas 
in liviiig animals. In these cells the granules occupy the zone adjoining the lumen 
of each alveolus, the outer or basement zone being clear or oc.caipied only by very 
fine granules, probably of a differcmt nature (fig. 648, a). After a prolonged period 
of rest from secretion tlui inner zone of granules occupies about half or in some 
animals ra,ther more than half the thickness of each cell. But if tlie gland be 
stimulat(‘d to activity the chia.r outer zon(> increases in size at the expense of the 
inner zone, the granules of which are evidently passed in a state of solution into 
the lumen of the alveolus along with the flow of secretion (fig. 643, b). 

These observations have been confirmed by Langhyy and others for the alveoli of 
tlie pancreas and of all the salivary glands both serous and mucous (figs. 644, 645), 
for the gastric glands in mammals and (esophageal glands of the frog, for the lacrymal, 
for the cells of the salivary ducts (fig. 33), and for various other glands.^ 



airangc'incjit ink) granular and non-grannlar zone's is not genoral in resting glands. It 
occurs in the gastii(i fundus-glands as well as in the pancreas; but in others, such as the salivary 
glands, tlie whole cell t(Uids during a jirolongcd p('riod of rest to be filled with secreting granules 
(Langh^y); dining secretoFy activity these become dischai'ged, so that at first the basal zone, 
and subse(|uently ni'Fuly the wliole of the })iotoplasm, may become free fiom granules. But 
this last condition is biought about only as the result of excessive sF'cretion, such as is produced 
by the action of ])ilocaipiiie (fig. ()4 1, ('), or in the salivary glands as the result of the eontinui'd 
si'cj'otion which follows si'ction Find degeneration of the ceiH'brjil nerves to those organs. 

The gi anules in mucin-si'creting cells and also in many gland-cells which do not secrete mucin 
are readily swolh'ii and eventually dissolved by the action of most fixing reagents containing 

water, and even l>y alcohol. On this account they tor 
a long time esca])(Ml obsei vation. But thi'y can, as 
already stated, be seen in many glands in the fresh 
condition, especijilly if it is possible, as with the pan- 
creas and parotid of some animals, to examint' thin 
])ortions of the gland during life with the circulation 
still proceeding. Even noimal salt solution and scrum 
tend to destioy the granules in mucin-secreting cells, 
and to see them in tlu^ fresh cell it is necessary, as 
Langley has shown, to examine the cells in 2 per cimt. 
to d per cent. Nat’l solution. {Sections of glands 
fixcMl by ordinaiy hardening reagents and examined 
(after staining) in Canada balsam or damar show^ no 
sign of the .seei'eting granules, but the cell- proto- 
plasm looks clear wdth a faint indication of a fine 
network — a (umdition brought about by the swelling 
and disap[)earance of the granules. They can, how- 
ever, in some cases be preserved by the use of osmic- 
acid solution, or betk'r of osmic-acid vapour ; or a 
mixture of erjual paits of osmic acid (5 percent.) with 
saturated solution of potassium bichromate (Altmann’s 
mixture), the solution of osmit! acid being made with II per cent. NaCl (Metzner). A satuiated 
solution of picric acid fixes them in certain glands ; but owing to the fact that they differ 
in chemical composition in different organs no one fixative is universally applicable. 




ElO. (>45. IsoLA'l'En MrCIX-SECRKTINO 
CEl.LS I'llOM THE SUJJMAM ELAltV 

<ii,AM) OF'’ A 1 ) 00 . (Laiighy.) 

<t and /), isolated in ‘2 [ler cent, salt 
solution ; a, from loaded gland ; b, from 
dischaiged gland ; o', b', simihir cells 
after ireatmeiit with dilute acid. 


The si'cretioii-gi’iiiiules may diller in their characters in different cells of the 
same gland or alveolus (hg. 642), and even within the same cell. This is due to tlie fact 
that they are not all in the same stage of development. Tlityy first appear within 

^ Jouni. Physiol, ii. IHTa-SO. ‘ Heidelbt'rg Untersuch. 1882. 

’ A compimdious account of the history of this subject is given by K. Metziu'i- in Nagel’s Handbuch 
dcr Physiologii! des jMenschen, lU0t)-7, to which article the reader is referred for tlie literature to that 
date. 
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the protoplasm as small granules, and gradually acquire the size and characters 
which distinguish them when ripe and ready for extrusion from the cell (figs. 64G, 
647). But even in the mature state their chemical cliai JK^tcrs may differ from those 
of the substance which represents them in 
the extruded secretion ; this is shown, inter 
alia, by their varying behaviour to stains. 

A difference of this nature was found by 
Klein to obtain with the granules in mucin- 
secreting cells, and he accordingly termed 
these granules ‘ mucinogen,' as giving rise 
on extrusion to mucin. 

There is not suilicient evidence that the 
granules multiply by fission, as Altmann 
supposed to be the case. Altmann indeed 
looked upon cell-granules in general as 
being themselves minute organisms (‘Dio 
Elementar-organismen,' 1890) capable of 
growth and multiplication more or less independently of the cell as a whole ; 
this view has not been widely accepted. 

The changes undergone by secretion-granules are readily studied in mucin- 
secreting colls and especially in the so-called ‘ goblet-cells ^ which occur as isolated 
elements amongst the ordinary cells of columnar and ciliated epithelium (fig. 648). 
‘ Goblet-cells ’ are in fact unicellular glands such as occur not infrequently in the 
integument of certain invertebrate animals. In these cells, as a rule, only the 



PlO. r)4(). — A CELL FROM THE POISON-GLAND 
OF A SALAMANDER-TADPOLE, FILLED WITH 
SKCUETION-GRANULES. ( (r U 1* W i t 8 C ll . ) 

Highly magnified. 

Some of tho granules are swollen out 
into globules. 



Fig. GIT.—CeLLS from poison-gland of SALAMANDh u-i Ai.iMU.h, SHOWING SECRETION- 
GRANULES IN DIFFERENT STAGES OF FORMATION AND OF TRANSFORMATION INTO DROPLETS. 

(Gurwitsch.) Highly magnified. 

One of tho cells has two nuclei ; in another the nuclous is nob seen. 


half directed to the free surface becomes occupied with the secretion-granules, 
the basal part, containing the nucleus, remaining free from distinct granules; 
although, as with all protoplasm, it may have a finely granular appearance. The 
mucin-granules which first make their appearance in the free half of the cell 
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are small, and their property of imbibing the specific stains for mucin is little 
marked. But as they gradually increase in size this property becomes more 
distinct, and the part of the cell containing them becomes swollen out (fig. 649). 
When the secretion is to be extruded, either by a contraction of the cell- 
protoplasm or, more probably, by a determination of watery fluid from the 
blood and lymph through the cell, the granules or globules of mucin are passed 
out at the free surface ; here they ar(‘ immediately swollen up and dissolved by 
th(i watery solution already present or simultaneously poured out, and are con- 
verted into an issuing plug-like drop of mucus, which in some cases may be seen 
protruding from the goblet-cell. When all the secretion is discharged the part of 
the cell which contained it looks almost empty. But it still contains a fine net- 
work of protoplasm ; this grows so as again to fill the empty space, and within it 
granules of secretion again form. 

A similar process takes place in serous glands except that in many of these, 



FlO. 018, KPlTilKLIUM-CKLLS I’KOM THE 
TKACHEA OF I’HE KAinH'l’, WITH rilUEE 
MFCIIS-SKCKKTINO CELLS AMONGST TJIE 
ciiGA'rEi) COLUMNAR cELi,s. (Schiiier.) 
Higlily inagniliod. 

7ir\ mucus-sccrctiiig cells seen in 
various stages of miiciii-fori nation. 


I 


■f 



Fkl CIO. — Gorlet-celt, of 

SAl.AMANDKR T-ARVA, WITH ITS 

FINE END SW()1,1,EN OUT HV 

THE MUCIN-CONTENTS. (Gui’- 

witsch, after .Joseph.) 

A diplosome (double centriolc) 
with a lilament extending from 
each partichi is seen within tlic 
mucin-containing part of the cell. 


as in some mucous glands, the secretion-granules are formed throughout the whole 
cell. But in the serous glands the granules are not so large, and the extrusion 
at the free surface produces less disturbance of the general form of the cell ; the 
st'cretion-granules are also for the most pa,rt passed out into the lumen of the 
alveolus in a dissolved condition, although they are sometimes seen there in an 
undissolved form. In most glands it is only as the result of exeitation through 
the nervous system, or by chemical agents (hormones) circulating in the blood, 
that the secretion-granules are extruded from the cell, but the process of forma- 
tion of fresh granules is not arrested during such extrusion; indeed, it probably 
goes on even more rapidly than during rest. There is in fact reason to sup- 
pose that behind the already formed secretion-granules in process of extrusion 
there always proceeds within the protoplasm a new formation of granules, which 
are to take the place of those that are being extruded. Thus the excitation 
not only elfccts discharge of secretion but also the production of fresh secretion- 
granules to take the place of those which are discharged. But it may happen 
that if the gland is over-excited — as by pilocarpine — the discharge becomes 
more rapid than the production, and the cells are gradually depleted of secretion- 
granules. 
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In goblet-cells, as well as in the cells of certain glands, such as the sebaceous 
glands of the skin, the Harderian gland found in many mammals, and the poison- 
glands of the amphibian integument, the secretion-granules become discharged by 
the breaking down either of the whole cell or of the part next to the free surface, in 
which the secretion is for the most part accumulated, rather than by the discharge 
of the individual granules from that surface, whether whole or in a dissolved form. 

Although tlio term ‘ granules ’ has been here used in speaking of the particles seen in secreting 
cells, it must be borne in mind that they are not necessarily of a solid nature, but may 
be liquid or semi-fluid. In such cases the term ‘ globules ’ would seem more appropriate. In 
the lacry mal gland they sometimes have a crescentic form. ‘ 

The relationship of the granules formed within secreting cells to the mitochondria, which 
have been shown to be intimately concerned with the differentiation of fibrils and other intra- 
cellular structures, has not as yet been worked out, but it is not improbable that some secretion- 



B’lO. 650.— Alveoli AND sErAiiAXED cells from salivary glands of the dog. (A. Ma.ximow.) 

The preparations were stained with ‘ liglit green ’ and saffranin (red). 

1, A mucous alveolus from the subraaxillary ; 2, H, 4, isolated colls from ‘ crescents ’ of the 
submaxillary; 5, a serous alveolus from the rotrolingual gland; Z., lumen of alveoli; n., nuclei 
of raucous cells flattened against basement-membrane ; /?., particles of chromatin extruded from 
nucleus. Similar particles are seen in 4. 

granules are produced by or from these particles, which are now known to be an important 
constituent of the jirotoplasm of most, if not of all cells, either throughout their life or at some 
period of their existence.* 

Influence of the nucleus upon the formation of secretion-products i 
the paranucleus. — We have already seen (p. 59) that in many secreting cells the 
nucleus appears to take on a special activity. Although it has not been proved 
that the participation of the nucleus is a general phenomenon, there is, nevertheless, a 
considerable amount of evidence to show that this constituent of the cell may play an 
important part in the formation of secretion-products.^ This it appears to do by 
giving out into the adjacent protoplasm a portion of its chromatin (fig. 650) (which 
may take the form of nucleolar material) to furnish the basis from which the secretion- 
granules are gradually evolved in the metabolism of the cell. The substance extruded 
may for a time remain in the protoplasm as an independent mass of chromatic 


1 B. Fleischer, Anat. Hefte, xxvi. 1904. 

^ See on this subject H. Hoven, Anat. Anz. xxxvii. 1910. 

5 Matthews, Journ. Morph, xv. 1899 (suppl.) ; Carlicr, La Cellule, xvi. 1899 ; Maximow, Arch. f. mikr 
Anat. Iviii. 1901 ; Walker and Tozer, Quarterly Journal of Experimental Physiology, ii. 1909. 
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matter ; which in some cases seems to be made up of granules, in others to be drawn 
out into threads, often spirally wound. The mass in question is known as a para- 
nucleus, and was first described for the secreting cell by Gauie ^ and Ogata and 
})y Nussbaum in the pancreas, but has since been noticed in the salivary and 
lacryrnat glands and elsewhere.^ Apart from tlie question of the extrusion of a 
portion of its chromatin, the nucleus almost invariably undergoes enlargement during 
the activity of the secreting cell ; an observation which indicates an access of meta- 
bolic activity. On the other hand the testimony of all observers is clear that there 
is no special tendency to nuclear and cell division during glandular activity ; this 
fact renders very improbable the bodily destruction of gland-cells as a concomitant 
of secretion — a supposition which was at one time prevalent, ('specially in regard 
to mucus-secreting glands. It is possible, however, that it may still apply to the 
sebaceous glands of the skin. 

^ Centralbl. f. d. med. WiHseiiach. 1881. 

Andi. f. J'liysiol. 1883. Arch. 1‘. niikr. AnaL. xxi. 1882. 

(iarnicr, Journ. do I’Aiiat. ot do la Pliysiol. xxxvi. 11K)0. Soo on tlio Biibjcct of the para- 
nudcuis, this volume, p. 59. 
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These membranes, unlike tlie serous, line passages and cavities which communi- 
cate with the exterior, as well as recesses, ducts, and receptacles of secretion, which 
open into such passages. They are habitually subject either to the contact of 
foreign substances introduced into the body, such as air and aliment, or of various 
secreted or excreted matters, and their surface is coated over and protected by 
mucus, a fluid of a more consistent and tenacious character than that which moistens 
the serous membranes. 

The mucous membranes of several different or even distant parts arc eontinuous, and they may 
nearly all bo reduced to two great divisions, namely, the ventro-puhnonari/ and gf uito-uruiart/. 
The former covers the inside of the alimentary and air-passages as well as the less consitlerablc 
cavities communicating with them. It may bi‘ described as commencing at the edges of the 
lips and nostrils, where it is continuous with the skin, and proceeding through the nose and 
mouth to the throat, whence it is continued throughout the whole length of the alimentary 
canal to the termination of the intestine at the anus, there again meeting the skin ; and also 
along the Avindpip(^ and its numerous divisions as far as the air-cells of tin- lungs. 
From the nose the membrane is prolonged into the laeryinal passages, extending iij) the nasal 
iluct into the laerymal aiw and along tln^ laerymal canals until, under the name of the conjunctiva! 
menibiane, it spreads over tin; fore part of the eyt'ball and inside of the eyelids, on tlie edges 
of which it meets witl^ the skin. Otlun* offsets from the nasal ])art of the membrane lino the 
frontal, ethmoidal, sphenoidal and maxillary sinuses, and from tla^ nppcM* part of the ])harynx a 
prolongation extends on (‘ach side along th(‘. Eustachian tube to line that passage and the tym- 
j)anum of the ear. [Resides these there are offsets from thtJ aliimmtary membrane to line the 
salivary, pancreatic, and l)iliary ducts, and the gall-bladder. The (jvnito-urimtry membrane 
invests the inside of the urinary bladder and the whole tract of the in*ine in both sexes, from the 
interior of the kidneys to the oritice of the urethra, also the seminal ducts and vesicles in the 
male, and the vagina, uterus, and Kallo[)ian tubes in tlu^ female. 

By one suidaco tlie niucoiis nieinbriiiies are atta-clied to tlie parts wliidi they line 
or cover, by means of areolar tissue, na-med ‘ submucous,’ which differs gi*eatly in 
fjuantity as Avell as in consistency in different parts. The connexion is in some 
cases close and firm, as in the ca.vity of the nose and its adjoining sinuses ; in other 
instances, especially in cavities subject to frecjiieut variation in (*a,paeity, like the 
gullet and stonLi(*h, it is lax and allows some degree of shifting of the connect(Hl 
surfaces. Iii such cases as the last-mentioned, the mucous membrane is accordingly 
thrown into folds when the cavity is narrowed by contraction of the exterior coats 
of the organ, a,nd of course these folds, or ra(jw as they aixi named, arc* effaced by 
distension. But in certain parts the mucous membrane forms permaau'mt folds, not 
ca,pable of being thus effaced, which project conspicuously into tlu*. cavity which it 
lines. The best-marked example of these is presemted by the valvular conniventes 
s(*en in the small intestine. These, as is more fully described in the special anatomy 
of the intestines, are crescent-shaped duj)licatures of the membrane, with connecting 
areolar tissue betw(*.en their lamina*, which arci placed transversely and follow one 
another at very short intervals along a great part of the intestinal tract. The chief 
use of the valvuhe conniventes is doubtless to increase the surface of the absorbing 
mucous membrane within the cavity. 

In most situations the mucous membranes after death are nearly opaque or only 
slightly trauslueent. They possess no great degree of tenacity a,nd but little elas- 
ticity, and lienee are readily torn by a moderate force. The red or pink colour 
wliich they exhibit during life, and may retain in greater or less degree in various 
parts after death, is due to the blood contained in their vessels. The degree of 
redness is greater in the foetus and infant than in the adult. It is greater too in 
certain situations ; thus, of the different pa.rts of the alimentary canal, it is mOvSt 
marked in the stomach, pharynx, and rectum. 
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Structure. — A mucous membrane is composed of a connective tissue corium 
lined by epithelimn. Many mucous membranes have also at their attached surface 
a layer of plain muscle known as the iutnca ynuscularis ftiucosce, which may be 
considered to belong to the corium. 

The epithelium varies in its characters. It maybe stratified as in the mouth 
and throat, transitional as in the bladder, columnar as in the intestine, or ciliated 
as in the respiratory tract and uterus. When a mucous membrane is covered with an 
epitlielium of the stratified variety, the mucus moistening its surface is derived 
from glands in or beneath the membrane, which are lined with secreting cells ; but 
when a columnar epitheliuTn or a ciliated c{)ithelium covers the surface, mucus is 
formed in cells within this layer, and the glands of the membrane may also secrete 
mucus or may be devoted to the elaboration of some special secretion. 

As has been already explained in dealing with secreting glands, the cells 
which are concerned in the production of mucus often l)ecome greatly distended 
with the accumulated granules or droplets of secretion and take the shape of a 
goblet or chalice. In many such cells the secretion may be seen to have become 
exuded from the free and apparently open end of the cell as a droplet of mucus. 
A certain number of these goblet- or chalice-cdls are almost always to be found in 
the columnar or ciliated epithelium which covers mucous membranes. After dis- 
charge of their secretion their cavity becomes again filled with secretion-granules. 
The cells in question are analogous to the unicellular glands met with in the 
integument of some invertebrate animals. 

The corium of a miK^ous membrane consists mainly of connective tissue, either 
areolar or reticular. It is often bounded next to the epithelium by a basement- 
membrane, and is separated from the submucous tissue by the muscularis inucoscc, 

A hasement-niemhrane is not everywhere demonstrable, but where it is well 
marked it appears in section as a thin line immediately underlying the epithelium. 
Viewed on the flat and with the superjacent epithelium removed, the membrane in 
question seems at first sight homogeneous ; but treatment with nitrate of silver 
vsometimes brings to view the outlines of flatten'd cells of which it is in part 
composed. In some places these cells, instead of adhering closely by their edges, 
intercommunicate by branching processes so as to form a network instead of a 
continuous membrane. Besides such flattened cells, which cannot always be 
seen, the basement-membrane is formed of a layer of connective-tissue ground- 
substance which is in many cases pervaded by closely reticulating fibres. The 
basement-membrane follows all the eminences and depressions of the surface of 
the mucous membrane, dipping down to take part in the formation of the wall of 
the glands, and passing over the raised villi and other prominences. 

The muscularis mucoscc forms the deepest part of the corium, but it is 
not everywhere present. It is best developed in the mucous membrane of the 
alimentary canal, in some parts of which it may consist of two layers, in the outer 
of which the fibres arc longitudinal, in the inner circular in direction. From its 
inner surface muscular bundles bend inwards into the thickness of the mucous 
membrane, passing between the glands contained within it, and even into its 
prominences, so as in many cases to reach and become attached to the basement- 
membrane (‘overing them (as in the villi of the small intestine). The muscularis 
mucosje is a part therefore of the mucous membrane, and is not to be confounded 
with the muscular coat proper, which forms a separate layer in most of the hollow 
viscera. 

The connective-tissue of the corium varies much in structure in different 
parts. In some situations, as in the gullet, bladder, and vagina, fibrous connective 
tissue is abundant, and extends throughout its whole thickness, forming a con- 
tinuous and tolerably compact web, and rendering the mucous membrane of 



MUCOUS MEMBKANES 


443 


those parts comparatively stout and tough. In the stomach and intestines, on the 
other hand, where the membrane is pervaded by tubular glands, the tissue between 
these is chiefly reticular and lymphoid tissue, and in these situations the mem- 
brane, although it may be thicker, is far less firm and tough than in parts 
where much of the ordinary connective tissue is found. In other mucous 
membranes transitions are met with between these extremes. 

It frequently happens that in certain circumscribed places the lymphoid tissue 
is greatly increased in amount, and becomes densely packed with lymphocytes. 
In this way the so-called solitary glands, lymph-f oil ides or lymph-nodules are pro- 
duced. They resemble tlie cortical nodules of the lymph-glands, and are sometimes 
partly encircled by a sinus-like lymph-vessel. If there are many lymphoid nodules 
adjacent to one another, so as to make up a localised patch, a so-called agminated 
gland is formed, or if massed together more thickly, a lymphoid organ like the 
tonsil. These collections of lymphoid tissue, which may, if large, extend, on the 
one hand down into the sub-mucous tissue, and on the other upwards into the 
epithelium, will be more particularly described when the several parts in which 
they occur come under consideration. The lymph-cells of the lymphoid tissue migrate 
between the cells of the epithelium which covers the surface, and may even become 
free in considerable numbers in the fluid v.diich moistens the surface. The purpose 
served by this emigration of lymph-cells is not understood. 

Blood-vessels are abundant in most mucous membranes. The branches of 
the artei’ics and veins, dividing in the submucous tissue, send smaller branches into 
the corium, which then break up into a network of capillaries. This capillary net- 
work lies immediately beneath the epithelium, or Ixmeath the basement-membrane 
when this is present, advancing into the villi and papilhn to be presently described, 
and surrounding the tubes and other glandular recesses. The lymphatics also form 
networks of cleft-like vessels in the mucous membrane, which communicate with 
plexuses of larger valved vessels in the submucous tissue ; they commence either by 
blind diverticula, as in most villi, or in the form of a superficial network, which is 
almost always more deeply placed than the network of blood-capillaries. 

The nerves of mucous membranes are largely distributed to the muscularis 
mucosue, wliere this exists. Before proceeding to their destination they are in 
many parts collected together to form a gangliated plexus in the submucous tissue, 
su(di as the plexus of Meissner in the alimentary canal. Some nerves pass to the 
epithelium and terminate between the (ipithelial cells. 

Papillae and villi.— The free surface of mucous membranes is in some 
parts plain, but in others is beset with little eminences named papilkv and villi. The 
largest papilke occur on the tongue ; there they are small prominences of the corium, 
containing blood-vessels and nerves, and covered with stratified epithelium. Some 
are small and simple, others large and covered with secondary papilla3. Papillae 
similar to those of the skin (p. 4o4) o(*cur in the mucous membranes of the 
mouth, pharynx, and gullet, and generally where stratified epithelium is met with. 
They serve various purposes ; some of them no doubt minister to the senses of taste 
and touch, many apj)ear to have chiefly a mechanical office, while others would 
seem to give greater extension to the surface of the corium for the production of a 
thick coating of epithelium. Villi are met with on the mucous coat of the small 
intestines. Being set close together like the pile of velvet, they give to the parts 
of the membrane which they cover the aspect usually denominated ‘ villous.' 
They are minute elevations or processes of the corium, covered with columnar 
epithelium, and containing blood-vessels and lacteals, which arc thus favourably 
disposed for absorbing nutrient matters from the intestine. 

In some few portions of the mucous membranes the surface is marked with fine 
ridges which intersect each other in a reticular manner, and thus inclose larger and 
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smaller polygonal pits or recesses. This peculiar character of the surface of the 
membrane, wlu(;h lias been termed ‘ alveolar/ is seen very distinctly in the gall- 
bladder, and on a liner scale in the vesicuhe seniinales ; still more minute recesses 
with intervening ridges may be discovered with a lens on the mucous membrane 
of the stomach ; the recesses here are the orifices of the closely set gastric glands. 

Glands of mucous membranes.— Many, inde(‘d most, of the ghinds of the 
body pour their secretions into the great passages lined by miu'ous meml)ranes ; but 
there are certain small secreting glamls which may b(^ said to belong to the 
membrane itself, inasmuch as they are found in numbers over large tracts of 
that membrane, and yield (ither mucus or special secretions known to be formed 
in particular portions of the membrane. Omitting local pcaailiarities, the glands 
referred to may be described as of two kinds, viz. : 

Sini/ple tubular ijlands or crypts . — These are minute tubes formed bv recesses 
or inversions of the basiunent-membrane, and lined with epithelium. They are 
usually plac('d perpendicularly to the surface and often v(‘i*y closidy together, 
and they constitute the chief substa.nce of the mucous membrane in those parts 
where they al)ound, its thickness depending on the length of the tubes, which 
dilTers considerably in dilTerent regions. The tid)(*s open by one end on tlu' surface ; 
th(‘. other end is closed, and is (uther sim[)le or cleft into two or more l)ra.nches. 
Such tubular ghinds are abundant in the stomach, and in the small and large 
intestines, wh(*re they are com})arativ(‘ly short and iwe known as the crvpts of 
Lieberkiihn. They exist also in considerable numbers in the mucous m(*mbrane 
of the uterus, when* they are long(‘r and tend to be convoluted. 

S}uall raccniosc (jlands . — Under this head are here com|)rehended minutt* glands of 
tin* racemose and tubulo-rac(‘mose kind, which 0 [)en on the surfa(*e of the membrane 
})y a. longer or shortiu* duct. Numbers of these, yielding some a mucous, others 
a. more albuminous or serous secretion, open into the mouth. Wlien the mucous 
membrane of this cavity is dissected olf, these ghinds are seen on its attached surface 
as small solid l)odies, often of a. llattened form, but varying much both in shape and 
size, and [)laced at different de[)ths Ix'low tin? mucous membraaie, on which their ducts 
o])eu. They are also met with throughout the pluirynx and gullet and in the 
larynx, tracln'a, and bronchial tubes; in all these parts their secretion is of a. purely 
mucous character. The glands of J3runn(U', which occur in the submucous tissue 
of the duodenum, near its junction with the stomach, also bear a, superficial 
res(*mbhinc(* to the racemose mucous glands, and in minute structuri^ are not 
unlike them, but the nature of their secretion appears to be diiferent. 
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The skin (cutis, 8€pfxa) consists of the cutis vera or coriuni: and the cuticle 
or epidermis. The cutis vera is a vascular connective-tissue membrane of con- 
siderable thickness ; it is this part of the skin which is converted into leather 
in the proc(‘ss of tanning. The epidermis is entirely composed of epithelium- 
cells arranged in a number of layers. It is derived from the ectoderm of the 
embryo, whilst the cutis vera is a derivative of tlu* mesoderm In the European 
races the skin is for the most part white, with, in a few parts, a brownish colora- 
tion du(‘. to pigment (area round nipples, parts of external generative organs, neigh- 
bourhood of anus) ; during life tlie blood within its vessels gives it a more or less 
distinct reddisli tinge, varying directly with its vascularity and inversely propor- 
tional to the thickness of the epidermis. At the apertures of the mouth, nostrils, 
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Fig. 052.— Section of skin of heel. (BlaKeliko.) 

Low pow(*i’. 

r/L, epkiennis ; r., cutis vera ; d, d, diiots of Kweat-glands ; d\ d', their 
openings at the surface of the pai)illary ridge; r.no, Malpigliian layer 
of epidermis; tliis is thickened opposite the i)apillary ridges, where 
it dips down into tlie. cutis vera (at leaving prominences of the 

cutis hetweeu. 


rectum, and vagina the skin is continued into the mucous membranes whicli lin(3 
those parts. The appendages of the skin are the nails, hair, and entanoous glands. 
These are all of eetodi’rmie origin, and of epithelial structure. Their description 
may convimiimtly follow that of the epidermis and eutis vera.^ 


EFIDEEMIS. 

The epidermis, cuticle, or scarf-skin b('longs to the class of stratified 
cpithelia, the giuieral nature of which has been already considered. It forms a 
protectivi' covering over every part of th(‘ true skin. Tlie thickm\ss of the cuticle 
varies in diilereiit parts of the surface, measuring in sonu' ])laces not more than 
0.03 mm., and in otli(*r parts as much as I mm., or evim more in some indi- 
viduals. It is thieki'st in the palms of the hands and soles of the feet, where 
the skin is much exposed to intermittent pressure, and it is not improbable that 
such pressure may serve to stimulate the adjacent true skin to a more active for- 
mation of epidermis ; but tlie diibuTvnce does not depend immediately on external 
causes, for it is wi‘11 marked even in the fictus.^ 

^ For details regarding the structure of the skin and its appendages, and an extensive bibliography to 
that date, see v. Brunn, Article ‘ llaut’ in v. Bardeleben’s llsindbucli dor Anatomic, 185)7. 

- For measurements of tlie thickness of the epidermis and its parts in different regions of the body 
see Drosdoli', Arch, de physiol. 1875). 
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In those parts of the skin where the papillse are arranged in rows, the epidermal 
layer is thickened over the rows, the thickening appearing as ridges of the surface, 
upon which at regular intervals are seen small notches where the sweat-ducts open 
(fig. 651). The Malpighian layer participates in this thickening, and opposite the 
surface ridges dips deeper into the corium (fig. 652).^ 

The more firm and transparent superficial part or horny layer {stratum corneum) 
of the epidermis may be separated after maceration from the dcH'per, softer, more 
opaque and recently formed part, which constitutes the Malpighian layer {stratum 
germinativum) or rete mucosum. 

The under or attached surface of the cuticle is moulded on the adjoining surface 
of the corium, and, when separated by maceration or putrefaction, presents impres- 
sions corresponding exactly with the papillary or other eminences, and the furrows 
or depressions of the true skin ; the more prominent inequalities of the latter are 
marked also on the oiitcu* surface of the cuticle, but less accurately. Fine tubular 



Fid. 058 . — HkCTION ok human KPIDiatMIrt with two vascular PAPir.L-T. OF ITIL COUIUM. 

( Hcii/iniinn.) Maj^mTicd 200 Uiainctors. 

loop of capillary vessels in ])a[>illa; p.n/., rote imicosuni ; s.g , stratum granulosum ; 
c, Htratum corneum; r?, d' , duct of sweat-gland passing tlirongh tlie epidermis. 

prolongations of the cuticle are continued into the ducts of the sweat-glands, and 
are often partially drawn out from their recesses when the cuticle is detached, 
appearing then like threads proceeding from its under surface. 

Structure. — The cuticle is made up of cells packed together in many 
irregular layers (figs. 653, 654). The deepest cells arc elongated, and placed 
perpendicularly on the surface of the corium ; they arc denticulate at their 
lower ends, and fit into corresponding fine denticulations of the corium. The 
perpendicular cells generally form one stratum ; above them are strata of cells 
of a more rounded or polyhedral shape. The cells have fine intercellular clefts 
or channels between them, bridged across by fibrils which pass from cell to cell 
(fig. 655), as in all stratified cpithelia. The bridging fibrils run through the cell- 
bodies, in wliich they intercross, forming a kind of regular felt-work (fig. 656). The 
parts of the fibrils which bridge across the intercellular spaces exhibit nodular 
enlargements resembling the ‘ equatorial plates ^ of dividing cells (see p. 46). ^ 
These so-called ‘ spinous cells ^ form several strata ; above, they become gradually 

^ See Blasrliko, Arch. f. mikr. Anat. xxx. 1887 ; M. Heidenliain, Anat. Hefte, xxx. 1000. 

- According to Rosenstadt (Arcli. f. mikr. Anat. Ixxv. 1010) tlie nodules are in reality crossing fibrils 
seen in optical section. 
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more flattened, conformably to the surface, until a layer, often incomplete, is 
reached in which the cells have a markedly granular appearance (Langerhans ’ ). This 
has been termed the stratum (jramdosiun (fig. 654). The- granules in the cells are 
composed of a peculiar matter {eleiditi of Ranvior,*^ keratohyalin of Waldeyer^), 
staining deeply with carmine and lijematoxylin (fig. 657), and they are believed to 
have some connexion with the formation of the horny substance in the more 
superficial cells, since they occur the more abundantly the thicker the stratiun 
corneum covering them (Klein). In places where tlie epidermis is thin, tlie stratum 
granulosum may be inconspicuous or absent. But a genetic relation between elcidin 
and keratin is rendered improbable if the statement which lias been made by some 



Prc. — VeHI’ICAL SKCTION THROUOII THK skin of the I’ALMAH hide of the FINOER, 

SHOWING TWO OR THREE PAPIEL.R (oNE OF WHICH CONTAINS A TACTILE CORI’USCLE) 
AND THE DEEPER LAYERS OF THE EPIDERMIS. (Schiifcr.) Ma^niiiiod about 200 diameters. 


authors is correct, that in some parts of the epidermis where a large amount of 
keratin is produced elcidin granules arc not formed within the cells of tlie rete 
mucosum. 


The chemical reactions of the eleidin or keratohyalin granules liavo been investigated 
by Waldeycr, who linds that the substance compo.sing them is insoluble in water, alcohol, 
ether and acetic acid, but soluble in caustic alkalis and in mineral acids. Panvier was unable to 
hnd elcidin in birds, reptiles, and amphibia, although he found it in all stratified e})ithelium 
in mammals. In the nail-matrix it is, however, replaced by a somewhat different material; 
and in other keratin-forming epithelia, substitutes may also occur. 

According to Rabl ^ the kcratohyalin-granules are derived from material furnished by 
the nucleus, but not from its chromatin. The granules do not appear to be transformed into 


' Arch. f. mikr. Anat. ix. 1878 
Henie Festschrift, 1882. 


“ Travaux, 1884. 

* Arch. f. mikr. Anat. xlviii. 1897. 
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keratin, hut rather to run together as the cells pass into the succeeding more superficial layer, 
in which they form distinct drops of fluid (fig. 657, h). 



Fro. 055. — Section of epioeumis of cat’s foot showino fipkh^s juudoino across the 

IN I EUCErjilJI.All SPACES OF THE RETE MUCOSUM. ThE UENTICULA I’IONS OF TJIE OKEI’EST 
i.AYER ARE ALSO SHOWN. (KoloSSOW.) 

Immediately n-bove the stratum granulosum is a clear-looking layer in which 
the outlines of th(‘ cells are somewhat indistinct. This layer, which is not always 
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Flo. (>50. From a section v>f the rete mucosum of the epidermis 

PASSINO FROM CELL TO CELL ACROSS THE INTERCELLULAR SPACES. 

7/, a celhiiucleus ; /,/, fibrils. 


SHOW’IXG FIBRILS 
(Riinviev.) 


sharply marked olT from the one superficial to it, has been termed stratum lucidum 
(tig. bbib and may 1)0 looked upon as transitional between the Malpighian and the 
horny la}'er of the epidermis. Its cells are not keratinised and the eleidin within 
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them is in a fluid condition. Superficial to it is a stratum which in some parts of the 
skin is of considerable thickness, and in which the cells are much enlarged, and 
the nuclei in many cases no longer visible : still nearer the surface this passes 
into a stratum of hard flattened scales which are constantly being thrown off by 
desquamation. As the cells change theii* form, their contents undergo chemical 
and physical changes ; for in the rete mucosum they consist of a soft, fibrillar, 
protoplasmic matter, whilst the superficial cells are transparent, dry, and horny. 
These dry liard scales may be made to reassume their cell-form by exposure for 
a few minutes to a solution of caustic potash or soda, and then to water. Under 
this treatment they are softened by the alkali, and distended by imbibition of 
water. 

As Zander ^ pointed out, there are two types of horny layers in the epidermis* 
The epidermis covering the greater part of the surface of the body has a stratum 



Fi(i. (557.- Section of kpidkumis from the skin 

OF THE FINOEK, COLOUUEJ) IIV FICUOCAUMINE. 

(liiiHvicr.) 

r/, straluiii cornoum ; 5, stratum Inciauin, some 
of tlifi cells of which are lilled with elcidiu ; c, 
stratum ^ranuloKum, full of eleidiii graiuilcaor drop- 
lets; r/, spiny cells of rete mucosum; c, dciiticula- 
tions of deepest cells, for attachment to (mtis vera. 



Fio. (558. — Skin of the neoko, vkkti- 
c.vL SECTION. (Kiilliker.) Magnitiod 
250 diameters. 

a, H, cuhincous papillie ; />, under- 
most and dark coloured layer of oblong 
vertical epidormis cells ; c, Malpigliian 
layer ; r/, horny layer. 


corneum composed exclusively of thin flattened scales which liave lost all appear- 
ance of structure, although on treatment with dilute caustic alkali they vswell up 
and assume the appearance of small vesicles; this is probably an indication that 
only the external layer of each cell is fully keratinised. On the other hand the 
horny stratum covering those parts of the skin which have a thicker epidermis 
and ar(i not provided with hairs, is mainly composed of large swollen-out cells, 
with a central cavity representing the nucleus. These cells are permeated by a 
feltwork of fine fibrils which intercross in every direction. The cells in question 
appear to represent the epitrichial layer which during a certain period of foetal 
development covers the whole surface of the body, but is thrown ofi where the 
hairs become developed (see next page). 

The keratinisation process in the epidermis seems to involve the part of the cytoplasm between 
the cell-fibrils.- According to Weidenreich^ the interfibrillar substance of the cells of the horny 
layer is altered elcidin (pareleidin), and the keratin is confined to the membranous outer layer. 
In the scaly cells at the surface the fibrillar structure is more difficult to demonstrate, but is 
probably present. 

^ Arch. f. Anat. 1888. - Apolant, Arch. f. mikr. Anat. Ivii. 11)01. 

^ Ibid. Ivi. 1900, and Ivii. 1901. 
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Many of the cells of the cuticle contain pigment-granules, and in parts give the 
niernhrane more or less of a tawny colour, even in the white races of mankind ; 
the blackness of the skin in the negro depends entirely on pigment in the cuticle. 
The pigment is contained principally in the cells of the deepest layer of the rete 
mucosum (fig. G58), but even the superficial part possesses a certain amount. 

In the intercellular channels of the Malpighian layer stellate cells (probably 
leucocytes) are occasionally observed (Langerhans), and these, in animals, may 
also contain pigment-granules. 

Development.' — The. epidermis is derived from the cutaneous ectoderm. 
During tlu^ second month of intra-uterine life it consists of two layers of proto- 
plasmic cells, of whi(;h the deeper are smaller and cubical, soon becoming columnar, 
the more superficial hirger and flattened, soon becoming polygonal. The latter 
multiply, and bv the second month arc two or three cells deep ; the most superficial 
cells are now clearer and more swollen, and stain less deeply with basic dyes, than 
the deep layer of cells. Jh^tween the second and third month, according to the 
(djservations of Minot - and Bowen,-’ the most superficial layer of the epidermis 
is formed by a compIel(‘ stratum of these enlarged, swollen-out cells (fig. 659). 

These were noticed by Zander upon the 
fingers and toes of embryos of about thii‘- 
teen weeks or more, and were termed by him 
‘ bladder '-cells. The layer increases for a 
time in thickness, so as to be several cells deep 
(fig. 660), or evi'U in certa in pa rts, c.f/. over the 
situation of the developing nails and on the 
palmar surface of the liands and plantar 
surlaci* of th(' feet, to ac(]uirc a considerable 
thickness. Here the stratum seems to persist, 
but it disappea-rs over tlie body of the nail, 
and also over the remainder of th(‘ surface of 
tlic skin, so tlial: by tlie sixth month it is 
only found near the frc.'e boj*der and root 
of the nail, and perhaps forming tlu‘ thick 
horny layer of the palms and soles, wliieh 
belongs to the second type of liorny layer of 
cells appeal's to correspond with an epithelial 
by Welcker in a sloth -embryo, covering the 
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rjK, (‘[)itrithhil layer. 


Zander. This layer of bladder-like 
membrane Avhicli was first notici*d 
surface of the body and lying over tlie developing liairs, lienee named by him c/n- 
irichiiwu It has a(*eordingly been termed tlie epitncJiial layer, imd has been shown 
to be of wide occui reiice in the embryos of mammals and birds, and also to be 
represented in reptiles.* 

The cells of the foetal epidermis underneath this epitrichial layer form the 
rete mucosum or Mal])ighian layer. The more superficial cells of the rete mucosum 
develop granules of elcidin and eventually become keratinised, so that a stratum 
corneum is jnodiiced. After the throwing off of the epitrichial layer, the super- 
ficial cells of tlie stratum corneum i\iv also gradually cast off, whilst others 
pass from the rete mueosum to replace them. The cast-off scales, mingled with 


^ Oil tho tlovolopineni of Uio e})iUcriius and its appondages sec W. Krause} in llortwig’s Ilandbuch 
dor vor^l. J^nitwiclu'lun^S{.^(*sfh. ii. lUOO. 

' Amor. Ass. for tho Adv. of Soionco, 1S85. ^ Aiiat. Anz. iv. 188V). 

' On tlio epitrichiuin in tlio bird-ombryo soo E. (r. (lardinor, Arob. f. niikr. Anat. xxlv. 1884 ; 
n. Rosonstadt, x\roh. f. inikr. Anat. xli.x. 1S‘)7. Rosonsladt buds the o[)itricbiuin-colls in tlie bird- 
onibryo to bo full of koraiohyaliu granulos, wliidi are derived from the nuclei. He considers the 
prosenee of these granules to be typical of epitrichiuin-colls, and states that these cells contain no 
keratiiL 
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socretion of the cutaneous glands, form a yellowish caseous layer covering the 
surface of the fcotus (smegma embryonum, vernix caseosa), and occur also in flakes 
in the amnio tic fluid. 

The pigmentation of the Malpighian layer in the coloured races of mankind 
is frequently not supeiTicially manifcvst until a day or two after birtli : being con- 


I 






/ conuMiin 


<5. 





■A. 

J swoat-^liiiidH 



. : ‘ c... ^ 

■ d 

f • 

t . 

b 

O.] 

■ 


j 

I'-' 


v/ 

!n ■ V 



SKcrid 

N TUROUiill TIIK SKO 

: OF TUK s 


al>out ‘2.^> 

diaiiK'l.tTs. 


iidipose tissue* 


cealed by the moist and therefore opaque epidermis over it. In the negro foetus 
the pigment is present some weeks before term. 

G-rowth. — ^The growtli of epidermis eontiiiues throughout life. Tlie cells of 
the rete mueosum are ('onstantly multiplying,^ and the new cells thus produced 
push outwards those previously formed. The more superlicial cells of the 
Malpighian layer are thus continually passing on to reinforce the horny layer, the 

* Hence also termed stratnm (jcrminaticnui (Flemmini^, Arch. f. mikr, Anat. xxiii. 1H84). 
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cells as they proceed outwards becoming flattened and transformed into horny 
matter. This change seems to occur quite abruptly at the stratum lucidum ; 
superhcial to this the cells again swell out somewhat, until on reaching the layers 
nearest the surface they are entirely transformed into structureless horny scales 
which are constantly undergoing desquamation. 

Regreneratioiic — When a portion of epidermis has been removed by a blister or 
wound of any kind, there is reason to suppose that its regeneration, like its growtli, 
takes pla('(' only from cells of the Malpighian layer. If the whole of the epidermis 
over an extensive surface has been destroyed or removed, the process of regeneration 
is very slow, since the new covering has to grow in from the epidermis at the margins 
of the wound. But if the deeper cells have not been wholly removed, the regenera- 
tion may start from the places where any of them still remain, and the formation of 
the new covering is proportionately quicker. In the operation of ‘ skin-grafting ' 
the surgeon endeavours to transplant from a healthy portion of skin small pieces 
of the epidermis, including its deeper layers, to the denuded surface : if the 
operation succeed, each such graft acts as a centre from whicli the new formation 
of epidermis may spread, and in this way the raw surface may be much more speedily 
covered. 


CUTIS VERA. 

The true skin, cutis vera, or derma is a sentient and vascular fibrous mein- 
bra iH'. It is coviui'd and protected, as already (‘xplained, by the non-vascular caiticle, 
and is attaclied to the parts beneath by a layer of areolar tissue, named ‘ subcu- 
taneous,’ which, exc(‘.pt in a few parts, contains fat, and has therefore been also called 
t h(i ‘panniculus adiposiis’ (fig. 661). The connexion is in many places loose and 
movable, in others close and firm, as on the palmar surface of the hand and the sole 
of the foot, wliere the skin is fixed to the subjacent fascia by numerous stout fibrous 
l)and8 {retinacula cutis), the space between being filled with a firm padding of fat. 
In soine regions of tlie body the skin is moved by striated muscular fibres, which 
may be unattached to fixed parts, as in tlic case of the orbicular muscle of th(‘. mouth , 
or they may be attached beneath to bones or faseijo, as is the case with the other 
cutaneous muscles of the face and neck, and the short palmar muscle of the hand. 

Structure. — The cutis vera is made up of an extremely strong and tough frame- 
work of interlaced connective-tissue bundles. Its fibres arc chiefly of the white 
variety, such as constitute tlie main part of the fibrous and areolar tissues ; the 
bundles are stout and arranged loosely, except near the surface; where the texture 
becoin(‘s finer and closer. The principal bundles of tJie corium do not run anyhow, 
but ]iavi‘ a regular average direction in different parts of the body (Langer), the 
direction being for the most part transverse to that of the subjacent muscles. With 
thes(*, are mixed elastic fibres, which vary in amount in different parts. Elastic 
tissue occurs in all parts of the cutis vera and of the subcutaneous tissue. It is 
extensively developed in some of the superficial fasciie — such as that of the abdomen 
— where it forms close networks, almost amounting to continuous membranes 
(Kolliker). Its fibres are very fine in the papillary part of the cutis and in the 
papilhe themselves, where they have a vertical arrangement; whereas in the 
reticular layer they are not only much coarser, but their general arrangement is 
parallel to the surface. Many elastic fibres also accompany the blood-vessels, and 
enter into the formation of the connective-tissue sheaths of the hair-follicles and 
the connective-tissue investments of the sweat-glands and their ducts. 

The cutis vera contains numerous branched connective-tissue corpuscles, 
mostly of the lamellar variety ; many of them lie in the interstices of the white 
bundles, against which they are flattened. Other kinds of connective-tissue cells 
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are not absent, clasmoeytos being especially nuiiKTous in the deep subcutaneous 
tissue* ; here also mast-cells may occur, in some parts in considerable numbers. 
Wander-cells arc found in all parts of the cutis, and may even penetrate into the 
deeper layers of the epidermis. 

Pigmented cells, although occurring in the cutis vera of the negro, arc in the white races con- 
stantly found only near the anus ; the deeper layer of the epidermis also contains pigment in this 
situation. Abnormally branched cells containing pigment occur in the white races in the bronzed 
patches which are seen in Addison’s disease ; here also there is pigment in the epithelium. It 
is possible that the branched pigmented cells in these cases are wander-cells conveying the 
pigment-granules to or from the epidermis.' 

Towards the attached surface the texture of the cutis vera becomes much mon^ 
open, with larger meshes, in which lobules of adipose tissue and the sweat-glands 
are lodged (fig. GGl) ; thus the fibrous part of the skin, becoming mor(t and more lax 
and more mixed with adipose tissue, blends gradually with the subcutaneous areolar 
tissue. In consequence of this gradual transition of the cutis vera into the sub- 
jacent tissue, its thickness cannot be assigned with precision. As a gcn(*ral rule, it 
is thicker on the posterior aspect of the head, neck, and trunk, than in front ; and 
thicker on the outer than on the inner side of the limbs. As well as tlu* cuticle, 
it is remarkably thick on the soles of the feet and palms of the hands. The skin 
of the female is thinner than that of the male. 

Bundles of plain muscular tissue are distributed in the substance of the derma 
wherever hairs occur ; their connexion with the latter will be afterwards explained. 
Plain muscular bundh's are also found in the subcutaneous tissue of the scrotum, 
of the penis (glans and prepuce), of tlu' perineum, and of tlu* areola of the nipple, 
as well as in the nipple ^itself. They commonly join to form rcdicular layers, 
a ttached to the under-surface of the corium. 

For convenience of description it is not unusual to speak of the derma as con- 
sisting of two layers, the ‘ reticular ’ and th(‘ ' papillary.’ The reticulai*, the more 
d(;eply seated, takes jio part in the construction of the papilla*, but contains in its 
meshes liair-follicles, sweat-glands, and some adipose tissue. The papillary is ex- 
tended to form the pa])illcT, and receives the upj)er portiojis of the hair-follicles and 
gland-ducts, together with tlu* terminal expansion of tlu^ blood-vessels. 

The cutis vera is generally said to measure from -V.tb of an inch to nearly onc-cighth ot an iiwh 
(*5 to .3 millimetres); but, as has been pointed out by Warren, that on the back and slioidders 
may be as thick as 5 or 0 mm. Here it is almost ojitirely fornu’d of (haise anastomosing 
bundles of connective tissue, on the one hand sending down librous prolongations through 
the subjaeent paniiiculus adiposus, and on the other hand being ))enetrat( (l oblicjuely by columns 
of fat-cells, which extend from that layer to the bases of the small hair-fnllieles, ami eoiidnct 
blood-vessels to these and to the surface of the skin. 

Superficial marking's. — The free surface of the cutis vera is marked in various 
places with larger or smaller furrows, which also affect the superjacent cuticle. 
The larger are seen opposite the flexures of the joints, as those so well known in 
the palm of the hand and at the joints of the lingers. The finer furrows intersect 
each other at various angles, and may be seen almost all over the surface ; they are 
very conspicuous on the back of the hands. Fine curvilinear ridges, with inter- 
vening furrows, mark the skin of the palm and sole ; these correspond in general 
arrangement to the rows of papilhn, to be immediately described : they form 

‘ See on the pigment-cells, Waldeyer, Virch. Arch. 1870; Schiifer, reported in Greeuhow’s 
Crooniaii Lectures on Addison’s Disease, 1875, p. 137 ; Ehrmann, Viertelj. f. Dtn’mat, 1885; Unna, 
Monatschr. f. prakt. Derm. iv. 1885 ; Karg, Arch. f. Anat. 1888, Killliker, Zeitsc-h. f. wiss. Zool. xlv. 
1887, and Gewebelehre, 1880 ; List, Anat. Anz. iv. 1880 ; Rabl, Ergcbn. d. Anat. vi. 180(> (with literature 
to that date) ; Meirowsky, Monatschr. f, pract. Derm. xlii. lOOC), and Zeitsebr. f. Pathol, ii. 1000. 
Meirowsky claims to have obtained pigment- formation in minute (jxcised portions of skin, kept for some 
days under aseptic conditions in a moist chamber at body temperature. 
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definite patterns, cliaracteristic of each individual, but capable of being classified 
under a relatively small number of heads. Moreover, these patterns are per- 
manent and do not alter as growth advances, the impression obtained from the 
hand of a young child being identical even in the most minute details (although of 
course somewhat less displayed) with that obtained from the same individual 
when grown up (F. Galton).^ 

XlldgreB and papillae. — The surface of the cutis vera shows ridge-like pro- 
jections of its substance into the under surface of tlie epidermis, which in some 
parts run parallel with one another (although here and there joined by a cross 
ridge), while in others they have a somewhat reticulated arrangement (owing 
to a multiplicity of such cross ridges). The ridges have an uneven surface, 
this unevenness taking the form, in many parts, of prominent finger-shaped 



Fig. 66‘2. — Vertical section op the skin and subcutaneous tissue, prom the end op 
THE THUMB, ACROSS THE RIDGES AND FURROWS. (Kolliker.) Magilifiod 20 diameters. 

rt, horny, and h, Malpighian layer of the epidermis ; c, coriurn ; d, panmcidns adiposiis ; 
p, papilltB on the ridges; /, fat-clusters; (/, sweat-glands; /i-, sweat-ducts; if their openings 
on tlie surface. 

eminences known as papillw, which fit into corresponding pits in the deeper part 
of the epidermis. The papilhe are probably of use in bringing the superficial 
blood-vessels of the cutis into closer connexion with the epidermis, and thus- 
minister to its nutrition, but tliey must also contribute to the functions of the 
skin as a tactile organ, seeing that some of them contain special sensory nerve- 
endings and that they are well developed where the sense of touch is well-marked. 
Both ridges and papilla) are prominent where the epidermic covering is thickest : 
thus we find the ridges well developed under the nail, and the papillae longest and 
most closely arranged on the palmar surface of the hand and fingers, and on the 
corresponding parts of the foot. In these parts the ridges which bear the papillae 

^ ^ on this subject Lewinsky, Virch. Arch. xcii. 1888; F. Galton, Phil. Trans. 182 B, 1891; and 
Finger Prints, London, 1892. On the dtwelopment of the papillary ridges of the skin, see J. E. Evatt, 
JouTii. of Aiiat. and Physiol, xli. 1900. The markings appear in the cutis of thf3 human embryo at eleven 
weeks, and show on the surface of the epidermis at eighteen weeks. W. Kidd {ibid.) finds that in 
many parts the papillary ridges tend to be somewhat imbricated. 
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are ranged in parallel curved lines, as has already been mentioned.^ As M. 
Heidenhain has pointed out, the superficial ridges do not necessarily correspond 
exactly with the uppermost parts of the lamina?, but often with the spaces between 
the laminae. The papillae are of a conical figure, rounded at the top and some- 
times cleft into two or more points (see fig. 654). In structure they resemble the 
rest of the superficial layer of the corium, and consist of a finely fibrillated tissue, 
with a few elastic fibres. The bundles of fibrils chiefly run parallel to the axis of 
the papilla and the fibrils appear to end near its surface, which has a somewhat cor- 
rugated aspect. On the palm, sole, and nipple, where they are mostly of the com- 
pound variety, they measure from 0T25 to 0*25 mm. in height. On the ridges, the 
papill.'e are placed commonly in double rows, with a space free from papillae 



Fio. — Section of skin with ulood-vkssfls injected, (v. Brunii.) 

c, papillary layer of cutis vera; a\ subpapillary plexus; reticular layer of cutis vera; 
subcutaneous ph^xus; c, paniiiculus jwliposus. 

between them (fig. 662) ; there are no papilli© in the grooves between the ridges. 
The ridges which are seen at the surface of the epidermis are marked at short and 
tolerably regular intervals with notches or short transverse furrows, in each of 
which, about its middle, is the minute funnel-shaped orifice of the duct of a 
sweat-gland. In other parts of the skin the papilla) are broader, shorter, fewer 
in number, and irregularly scattered. On the face they are only from *003 mm. 
to *005 mm. in height ; here they disappear altogether in parts, or are replaced 
by slightly elevated reticular ridges. Fine blood-vessels enter most of the papilla, 
forming either a simple capillary loop in each, or dividing into two or more capillary 
branches, according to the size of] the papilla and its simple or composite form. 
Other papilla) receive nerves, and contain tactile corpuscles (fig. 654). 

^ On the relative development of the ridges and papillos of. the cutis see Blaschko, Arch. f. Anat. u, 
Physiol. 1884 and 1885, and Arch. f. mikr. Anat. xxxi. 1887. 
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Blood-vesselB and lymphatics. — The (lig. 663) divide in the sub 

cutaneous tissue {subcutaneous 'plexus), and, as their branches pass from this deep 
expansion towards the surface of tlie skin, they supply offsets to the fat-clusters, 
sweat-glands, and hair-follicles.^ They divide again and anastomose near the sur- 
face (subpapillary plexus), and at length, on reaching it, form a network of capillaries, 
with polygonal meshes. Fine looped branches pass from the superficial arteries into 
the papilte, as already mentioned. The veins accompany the arteries, but form 
more distinct anastomoses and plexuses ; four venous plexuses may in some parts 
be recognised lying in successive planes parallel with the surface of the cutis. 

Lymphatics are found in all parts, although probably not everywhere in equal 
number ; they are abundant and large in some parts of the skin, as on the scrotum 
and round the nipple. They form at least two networks, one superficial and another 
more deeply situated, which intercommunicate by uniting vessels, whilst the deeper 



Fia. 664.— Two papill.i-: fkom the skin of the finuek of a new-born child; injected 
BLOOD-VESSELS RED, LYMPHATICS YELLOW, (v. Bruiin after J. Neumann.) 

network is joined with the lymphatics of the subcutaneous tissue. According to 
Klein there is a continuous plexus through the whole thickness of the corium, and 
all the vessels possess valves. The most superficial network, although close to the 
surface of the corium, is beneath the net of superficial blood-capillaries ; its con- 
stituent vessels are much larger than the blood-capillaries. In certain parts on the 
palm and sole lymphatics pass into the papill®, but do not reach their summits 
(fig. 664). The efferent lymphatics accompany the blood-vessels, two passing 
commonly with each small artery and vein, and joining and anastomosing over the 
vessels.*'^ 

As in other kinds of connective tissue, the lymphatics of the skin may be said to originate 
in the cell-spaces of the tissue, and since the cells lie for the most part in rows between the 
bundles, the combined spaces form interfascicular clefts. When these are injected the fluid 
passes into the lymphatics. The superfleial cell-spaccs communicate with the intercellular 
channels of the epithelium, and these also are thus brought into connexion with the lymphatics. 

^ See on the blood-vessels of the skin, Tomsa, Beitr. z. Anat. u. Phys. d. Haut, 1873 ; W. Stirling, 
Arb. a. d. Physiol. Anst. zu Leipzig, 1875; Journ. Anat. and Physiol, x. 1876; Spaltelioltz, Arch. f. 
Anat. 1838. 

On the lymphatics of the skin see Unna, Arch. f. mikr. Anat. Ixxii. 1308. 
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Nerves. — Fine varicose nerve-fibrils pass up into the epidermis, penetrating 
between the cells of the Malpighian layer (fig. 665 ), where they undergo a certain 


Fio. (5(55. Section of kfidebmis fhom the human hand. (Ranvier.) Highly magnihed. 

c, horny layer, consisting of .s-, superficial horny scales, and swollen-out horny cells; 
s.f/f stratum granulosum ; rete raiicosuin or Malpighian layer, consisting of p, prickle- 

cclls, several rows deep, and d, elongated cells forming a single stratum near the corium ; ??, part 
of a plexus of nerve-fibres in the superficial layer of the cutis vera : from this plexus, fine 
varicose nerve-fibrils may be traced passing up between the colls of the Malpighian layer. 


amount of ramification. The branches do not unite with one another to form a net- 
work, but end in knob-like swellings or varicosities. With the growth and displace- 
ment of the cells between which 
they are placed, these varicosities 
become, according to Ranvier, con- 
tinually detached from the end of 
tlie fibrils, the latter meanwhile 
growing constantly to supply the 
place of the detached portions. 

In the skin covering the snout of cer- 
tain animals {e.g. mole) the nerves end in 
peculiar terminal organs (Kimer), formed 
of thickenings of the epidermis ; the nerve- 
fibres pass as an elongated bunch of 
closely set, somewhat zigzag, varicose, 
unbranched fibrils between the cpidermis- 
cells. Besides these fibrils there are others 
at the periphery of the organ which are 
less closely arranged, and terminate in 
branched extremities as in other parts of the epidermis. In the snout of the pig the branched axis- 
cylinders pass partly into concavo-convex enlargements between the deeper epithelium-cells (tactile 
menisci of Ranvier) (fig. 666). Similar arrangements obtain in the epidermis of the dog’s nose.* 


Pig. C66. — Ending of nekves in tactile discs in 
THE pig’s snout. (Rauvier.) 

Uj nerve-fibre ; ?«, terminal menisci or tactile discs ; 
ordinary epithelium-cell; a, altered epithelium -cell 
to which the meniscus is applied. 


1 E. Botezat, Aiiat. Atiz. xxxiii. lOOB. The literature of the distribution of nerves in the epidermis is 
given in this paper. 
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Merkel has described the nerves of the epidermis as ending in pyriform ‘ tactile * cells 
placed between the ordinary epithelial cells, and Langerhans thought that the nerves could 
be tracexl to stellate cells in the interstitial spaces ; but improved methods of staining render 
it probable that the termination of the nerve-fibrils in the cuticle is as above described, between 
the cells, not actually within them. In many places, however, the cells against which the 
enlarged endings of the nerve-fibres (menisci) are applied, differ in appearance from the other 
epithelium-cells, and although the nerve-fibres do not enter them they may bo regarded as 
tactile cells. 

Ni^tvcs are supplied in very different proportions to different regions of the true 
skin. They pass upwards towards the papillary surface, where they form plexuses, 
of which the meshes become closer as they approach the surface, and the con- 
stituent branches finer. From the most superficial or subepithelial plexus, wliich 
lies immediately under the epithelium, delicate non-rnedullated fibrils pass off and 
ramify immediately beneath the epidermis, where they form the so-called liederijorm 
nervp-cndinfjff (fig. (107). Many of the nerves of the cutis vera terminate in end- 



Klll. ()07. — HeDEIIIK()){M NEHVE-ENDINCS IN THE CUTIS VEUA. (Iliinvicr.) 

7ij n\ nerve-fibres; m, enlargements on terminal fibrils; />, papilbe; .s-, sweat-duct. 

bulbs, tactile corpuscles, and Pacinian bodies, the last-named being seated in the 
subcutaneous tissue. Here also occur corpuscles of Ituffini and Golgi-Mazzoni 
endings. The tactile corpuscles of the skin are found most numerously in certain 
papillm of the palm and sole, more sparingly in those of th(‘ back of the hand and 
foot, the palmar surface of the fore-arm, and the nipple. Such papillie commonly 
contain no blood-vessels, and are named ‘tactile," as distinguished from ‘ vascular " 
papilhe. The structure of these different terminal corpuscles has been already 
described (pp. 2G0 to 271). Many of the nerve-fibres,' chiefly the non-mediillated, 
are sup|)lied to the plain muscular tissue of the minute hair-muscles and of the 
blood-vessels. 


NAIIiS. 

The nails are thickenings of the deeper part of the horny layer of the epidermis, 
oviulyirig a, well-marked Malpighian layer, but not covered in the fully formed 
condition by epitrichium or by the superficial horny scales which characterise the 
rest of the epidermis. The cells of which tliey are formed are very closely conjoined 
to form the detise keratinised structure which constitutes the nail proper. 
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The posterior part of the nail, which is concealed in a groove or sulcus 
of the skin, is named its ‘ root ' (fig. 668, a ) ; the uncovered part is the ‘ body ' ; it 
terminates in front by the ‘ free edge.’ A portion of the nail near the root, 


d 



Fio. 668 . — Longitudinal section tiihough the boot of the nail and its matrix. 
(Schafer.) Magnified about 10 diameters. 

c, root of nail ; 6, Malpighian layer of matrix ; c, ridges in dermis of nail-bod ; opitrichial 
layer of epidermis ; e, eponychium ; /, bone (terminal phalanx) of finger. 

named from its shape the ‘ lunula,’ is whiter than the rest. This is largest on the 
thumb and is usually absent on the little finger. The appearance is commonly 
ascribed to the substance of the nail at this point possessing a greater degree of 


c 



Fig. 669, — yECTioN across the middle of tub nail of a child of 8 days. (Ranvier.) 

c, body of the nail; /, nail-bod with its papillateil ridges and rote mucosum; rZ, coriuin 
under nail-bod ; p, fold at edge of nail : here the horny layer is separated from the mucous 
layer by a well-marked stratum granulosum, which is altogether lacking over the nail-bed ; 
u, akin of finger at aide of nail. 

opacity in consequence of its being covered with a thick layer of the rete mucosum, 
the cells of which are in active process of division (Toldt), but according to Unna 
the opacity is due to the presence of keratohyalin (or onychogenic substance) 
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in cunsiderable amount, and according to v. Brunn to the fibrous structure of the 
cells, which are undergoing keratinisation. 

The part of the corium to which the nail is attached, and by which in fact it is 

generated, is named the inatrix ^ or nail- 
bed (fig. 669). This portion of the skin is 
highly vascular, and ridged longitudinally 
over the greater part of its extent. In 
front, wliere tJie free edge of the nail begins 
to project, the ridges give place to large 
papilla), which are continued forwards into 
a thickening of the ordinary epidermis. 
Posteriorly the matrix forms the crescentic 
groove already noticed (deep in the 
middle but getting shallower at the sides) 
which lodges the root of the nail. The 
matrix is closely attached, by means of 
dense connective-tissue bundles having a 
vertical arrangement, to the periosteum 
covering the iinguaT process of the ter- 
minal phalanx. Tlie part of the matrix 
nearest the groove is covered with low 
papilhe ha-ving no regular arrangement. 
These papillre become less marked and 
eventually disappear at a bout the middle 
of the lunula, the surface of the nail-bed 
licre becoming flat for a certain space. 
The remaining surface of the matrix and 
nail-bed, situated in front of this and 
supporting the body of the nail, is marked with longitudinal ridges, more numerous 
but small and low behind, and becoming prominent in front, wlieia^ however, they 




Fio. () 70 .-- Section across the nail and 
NAIL-RED. (Heitzmann.) 

r, ridgCH of cutis in Koctiou; r.?//., retc 
luucosuin ; nail. 


Fi<s. 071 . —Section TnRoiuin end of finger of human embryo at jhe time oe the 

COMMENCEMENT OF FORMATION OF THE NAIL. (Kolliker.) 

Notice the ossification of the terminal phalanx beginning at the tip of the cartilage. In the 
thickened epidernhs over this the cominoncing nail is seen as a dark line. 


are fewer in number. These ridges may be cleft at their summits ; those towards 
the sides are directed obliquely. The ridges fit into corresponding furrows on the 
under-surface of the nail-epidermis. 

* The term matrix is sometimes confined to the posterior part of the nail-bed ; sometimes {e.g. by 
V. Brunn) to the rete mucosuin of the epidermis of the part from which the root of the nail actually 
grows. 
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The ridges and papilhe are highly vascular, and have also an abundant nerve-supply. The 
nerves of the papillrc end in free ramifications, as well as in end-bulbs and tactile corpuscles. 
Ruffini corpuscles occur in the ridges ; rarely Pacinian corpuscles ; free endings are also found 
here.' 

The nail, as already mentioned, is made up of a large number of horny epithelial 
cells which are broad and hard, but at the same time very thin, and so intimately 
connected together that their respective limits are scarcely discernible. They 
form the horny part or nail proper, cohering in parallel and sometimes sUghtly 
curved strata.- Air is sometinu's developed between the strata, and gives the 
appearance of white specks in the substance of the nail. Below them are cells 
which are softer and of a polygonal shape. The deepest layer differs somewhat 
from the others in having its cells elongated and arranged perpendicularly, as in 
the case of the epidermis. Tims und(T the nail proper (fig. 070, r.m,) is a layer of 
cells corresponding with the rete mucosiim of the epidermis, whilst the nail 
proper corresponds with a portion of the horny layer. The most superficial cells of 
th(‘ Malpighian layer of the nail have a granular aspect ; this is due — not to the 
presence of cleidin but to the spiny processes which unite them to one another. As 


Fl(i. I•72. -ApCEAUANCE of NAII.-SUBSTANCE in TUK form op OUANULES of ONYCHOCiENIC 
MATERIAL IN SOIMK OP THE CELLS COVKKINO THE NAIL- BED. (Kollikor.) 

in the case of the ordinary epidermis, the hardened scales of the nails may be made 
to reassume their cellular character by treatment with caustic alkali, and afterwards 
with water : it is then seen that they still retain an appearance of nuclei. 

Formation and growth of the nails. — In the third month of intra-uterine 
life, the part of the embryonic corium which becomes the matrix of the nail is 
marked off by the commencing curvilinear groove, which limits it posteriorly and 
laterally. Part of the epidermis on the matrix then begins to assume, in the 
middle of its thickness, the characters of a nail (fig. 671) ; tliis is at first im- 
bedded in the embryonic cuticle, in which it occupies the position of the stratum 
luciduni, and is covered by a thick layer of more loosely aiTanged scales, to which 
the name of eponycJiiuin has been applied (corresponding to the epitrichiiim of the 
general surface of the epidermis). The nail rudiment, which is preceded by and 
formed from granular cells somewhat similar to those of the stratum granulosum 
of the epidermis (fig. 672), first appears near the posterior part of the matrix, and 
from this point is developed forwards over the bed and backwards into the groove.^ 
After the end of the fifth month it becomes free at the anterior border, breaking 
through the thick layer of epidermis which covers it superficially. The remains 

1 A. S. Dogiel, Arch. f. mikr. Anat. Ixiv. 1904; Vitali, Interuat. Monatschr. f. Anat. u. Physiol, xxiii. 
1901). 

- For variations in the arrangements of the strata and a discussion of the manner in which they are 
caused, see v. Brunn in v. Bardeleben’s Handbuch der Anatomie, 1897. 

Zander, Arch, f. Anat. 188(5; Kiilliker, Zeitschr. f. wiss. Zool. xlvii. 1888. See further on the 
structure and growth of the human nail, Branca, Annales de dermat. et syphilis, 1910, 
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of this eponychium continue throughout life partly covering the lunula. At the 
anterior edge of the developing nail, the eponychium or epitrichial layer is greatly 
thickened (figs. 673, 674) ; below this epitrichial thickening is a well-marked stratum 
lucidum and stratum granulosum, continuous with the corresponding layers of the 
adjacent epidermis. At birth the free end of the nail is thin, being manifestly 
the earlier formed part, which has been pushed forward. As the infantile nail 



KMI’.UYO OF TIIF 'rillUD MON'I'll. (A fU*r JioWClJ.) 

r7>., liiy^r, ^o-oaily tliickenod at tlu* iiail-edgo <"/>/, and forming tho (jponyoliinm 

(‘ 1 )." above (ho nail formation, /?. ; v./n., nd.o nincosnm. 

continues to grow, its flattened cells, at first easily separable, become harder and 
more coherent, as in after-life. 

TJic average rate of growth of the nails is half a millimetre a week (W. Krause), 
but varies, being faster on the fingers than on the toes and faster in summer than 
in winter. According to Bloch ^ the rate varies at diflerent ages. The growth 
is elTccted by a constant generation of the cells of the rete miicosuni at the root. 
Those cells in their more superficial laycTS acquire brownish granules, which are not 



Pio. ()74. '-TiONdri'l'DINAl. SK< riON of the GHEAT toe of an KMBliYO OF THE FIFTH MONTH. 

(After Bowen.) 

ey;.,epilriebial layer of ejiidermis at end of Unger; <'p\ tbiekeiiing of ejiitrichium at the nail 
edge; remains of eponyehinm; n., nail; s.f., stratum lucidum of epidermis. 

identical with eleidin granules, and are termed by Eanvier omyclmjemc substance 
{onychin^ Apolant). This substance stains brown with carmine instead of red, 
as do the eleidin granules ; a similar brown-staining substance occurs in the 
fibrous substance and cuticula of the hairs. According to v. Bnmn, any new 
onychogcnic material formed after the sixth month of intra-uterine life is fibril- 
latcd, and is not composed of granules ; its keratinisation takes place therefore 


^ C. r. ROC. de biol. 11)08. 







Section of human scalp (Sobotta). Magnified 15 diameters. Haematoxylin^eosin. 
ordinary hair; h\ club-hairs; ar, arrector pili; f, hair-follicle; r, root of hair; p, papilla of hair 
ep, epidermis; cutis vera; ap, aponeurosis; glSy sweat glands; sebaceous glands. 
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within fibrils which occupy the cell-protoplasm. In this respect it agrees in struc- 
ture with the horny layer of the epidermis (see p. 449), and with the fibrous layer 
of the hairs. The fibrils of the nail-cells disappear, however, as the conversion into 
keratin is completed. Each successive series of these cells being followed and 
pushed from their original place by others, they become flattened out and trans- 
formed into the dry, hard, and inseparably coherent scales which characterise the 
nail-substance. By tliis addition of new cells at the ])osterior edge, the nail is 
made to advance, and by the apposition of similar particles to its under-surface 
at the lunula, it grows in tliickness ; so that it is thicker at the anterior border 
of the lunula than nearer the root. It does not appear to increase in thickness 
while passing over the bed. When a nail is thrown oil by suppuration, or pulled 
HAvay by violence, a new one is produced in its place, provided any of the cells of 
the Malpighian layer of the epithelium are left in the groove. 

II AIKS. 

A hair consists of a root, whicii is fixed in the skin, and a shaft or stem (see 
accompanying Plate). The stem is generally cylindrical, but may be more or 
less elliptical or even irregular in section : wlnui the h ’.ir is uncut, it taj)ers 
gradually towards the point. Tiie part nearest 
the root is also finer than the main stem. The 
length and tliickness vary greatly in dilTerent 
individuals and rac(\s of mankind as well as in 
different regions of the body.' Tlie finest are the 
so-called lanugo-hairs of the general surface, which 
may be no more than 5/x thick, while the hairs of 
IIlc beard may be as thick as 200/x. But even in 
tlic same region, c.g. the scalp, the hairs vary in 
diameter from about 11/x to IfiOp (Falck). In the 
straight-haired races (c.g. Mongolian), the in- 
dividual hairs ari^ coarser and thicker and tin', 
section more circular than in the crisp-haired races 
(iK'gro), in wliich the section is smaller and oval, 
th(^ hairs being sonu'tinn's markc'dly flattened. 

Ihie section is largest in the North-Ameriean Indians, Chinese, and especially in 
tin' Japanese. Light-coloured hair is usually liner than blaek. 

The stem is covi'red with a coating of finely imbricated scales, the upwardly 
projecting edges of wliicli give rise to a series of fine, waved, transverse lines, which 
may be sei'ii on the surface of the liair with tiie microscope (fig. 675, A), Within 
this scaly covering, called the hair-culicle, is a fibrous or cortical substance^ which 
ill all cases constitutes tlie chief part and often the whole of the stem ; but in many 
jiairs the axis is occupied by a substance of a different nature, called the medulla or 
pith (fig. 675, B). Tlie fibrous substance is translucent, witli short longitudinal opa que 
streaks of darki'r colour intermixed. It is formed of straight, rigid, longitudinal 
fibre's, which again may be resolved into llatti'ued cells of a fusiform outline ; they 
are marked with ridges and furrows, and united to one another by fibrils, as in 
tlie deeper cells of stratified epithelium.” TJie colour of tlic fibrous substance is 
caused by oblong patches of pigment-granules, and generally diffused colouring- 
matter of less intensity. Very slender elongated nuclei are also discovered in the 
cells by means of reagents. Dark specks or marks often noticeable in the fibrous 
substance are occasioned by minute irregularly shaped cavities containing air ; most 

' Cf, WaldoytT, Atla^i cl. inenschl. u. thic'r. Haarc*, ISMl. 

- Waldeyer, op. rit . ; Rcdiike, Arch, f. mikr. Aiiat. xxx. 18S7 ; Hetterer, C. r. soc. de biol. Ixiv. ; 
Branca, Annales do dermat. ct sypliilis, 1910. 



Fic. r>7r>. — H u.mak JiAiK. (SrliiilV'r.) 

.1, il)(! Biirt'acc of th(‘ liair focuBSC'd 
to show tlio t:utic-ular HcaloB. 71, 
optical si'ction. The medulla looktt 
clc'ar, tlui air havin*' been exp«*llcd 
from it by Canada balsam. 



464 


THE SKIN 


of these arc in the intercellular substance. The air-lacunulos are abundant in 
white hairs, and are best seen in them, there being no risk of deception from pigment- 
specks ; indeed they may be altogetlier wanting in very dark hairs. Viewed by 
transmitted light they are dark, but brilliantly white by reflected light. When a 
white hair has been boiled in water, ether, or oil of turpentine, these cavities become 
filled with fluid, and are then quite pellucid ; but when a hair which has been thus 
treated is dried, the air quickly finds its way again into the lacuna), and they 
resume their original aspect. 

The medulla or pith docs not exist in all hairs in the human subiect. It is want- 
ing in the fine liairs over the general surface of the body, and is not commonly met 
with in those of the head, nor in the hairs of children under five years. When 
present it oe(aip[es tlie centre of the shaft and ceases towards the point. It is 
composed of rows of cells, diflering in shape, but generally angular, and in many 
animals exhibiting regular patterns. When viewed by transmitted light, it is 
black ; by refl('cted light, on the other hand, it is white, its colour being due to the 
contained air-particl(‘s wJiich lie in spaces between the cells, but in the hairs of a few 
animals within the cells. They are produced by the drying of the originally soft cells 
of the medulla on exposure of the growing hair to the atmosphere. Tlie medulla 
may be interrupted at parts for a greater or less extent. In the latter case, the 
axis of the stem at the interruptions is fibrous like the surrounding parts. 

n’lie Avhiio colour which hair assumes with is chiclly duo to tho absonco of pigment in 
tho fibrous part, allowing the whito air-particles both of this, and especially of the medulla, 
to become manifest. If there is no medulla, as is the case in some individuals, tlie hair never 
becomes fully whito with age, but merely grey.' 

The root of the hair is lighter in colour and softer than the stem ; in young and 
growing liairs it swells out at its lower end into a hollow bulbous enlargement or 
knob (see h, of Plate), but in older hairs which have ceased to grow and are in 
process of being shed, the termination of the root is not hollow but solid. Its ex- 
tremity appears expanded, but in place of overlying a papilla it has a ragged termina- 
tion amongst the cells of the root-sheath. These hairs are termed non-'pa'pillated or 
dub hairs to distinguish them from the growing or fapillaied hairs just mentioned 
(h\ //). The root of the hair is received into a recess of the skin named the hair- 
foUide, which, when the hair is of considerable size, reaches down into the 
subcutaneous fat. 

Tho substance of the hair, of epidermic nature, is, like tho epidermis itself, quite extra- 
vascular, hut, like that structure also, it is organised and subject to internal organic changes. 
Thus, in the progress of its growth, tho cells change their figure and acquire greater consistency. 
In consequence of their elongation, the hair, bnlboiis at the commencement, becomes reduced 
in diameter, and cylindrical above. But it cannot be said to what precise distance from tho 
root organic changes may extend. Some have imagined that the hairs are slowly permeated 
by a fluid from tho root to the point, but this lias not been proved. The sudden change of tho 
colour of the hair from dark to grey, which sometimes happens, has never been satisfactorily 
explained : it is usually supposed to be due to the development of air between tho elongated cells 
composing tho hair. 

Tho rate of growth of hair is about half an inch a month. 

Hairs aro found on nearly all parts of tho skin ; tho exceptions being the palms of tho hands 
and soles of tho feet, the whole surface of tho third phalanges of the fingers and toes, and tho 
flexor and lateral surfaces of tho other phalanges ; they are also absent on tho glans ponis, and on 
the inner surface of the prepuce and of tho labia majora. They are most numerous on the scalp, 
whore there are 201) to 300 or more per square centimetre ; on tho chin there aro about 44 in 
tho same area ; on the back of the forearm 24, and on the back of the hand 18 (v. Bninn). On 
tho scalp they are set in groups of three to five ; over tho rest of tho skin grouping is for tho 
most part not so evident, but it is generally present, although there may be only two or three hairs 
in each group. The lower ends of the follicles aro not so manifestly grouped as the hairs them- 
' On the loss of pigment in hairs seo Stieda, Anat, Hefte, xl. 1910. 
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selves, and a tangential section through tho deeper part of the integument shows them more 
evenly scattered ; the follicles therefore converge somewhat towards the surface. Except 
those of the eyelashes, which are implanted perpendicularly to the surface, the follicles slant, 
the direction of slant being constant in the same parts. In the negro the hair-follicles have been 
found to bo curved, so that the papilla may look in a direction parallel to or even away from 
tho surface of the skin (Stewart). Pinkus ' has pointed out that the skin undergoes a curious 
modification in the neighbourhood of the hair-groups (fig. 676). On the side towards which these 
slope there is a disc-like patch of cutis, tho papill® of which are enlarged (hair-disc, fig. 676, d ) ; 
the epidermis is thickened over this, and receives an unusually large number of nerve-fibres (n). 
On the opposite side of the hair-group the surface of the cutis over a small area is flat, and is 



Fl(i. r)76.--DlAGEAMMATlC SECTION OF A HAIE-AUKA OF C YNOCEPHALUS, MADE FROM A 
RKCONSTllUCTION. (F. IMllkuS.) 


a and 6, two (club) hairs out of a ^mup of four; p, new hair-rudiment; rn, arrector muscle; 
d, hair-disc ; n, nerve-fibres passing to hair-disc; sr, thickened scale-like portion of epidermis; 
gif sweat-gland. 

covered by a scale-like thickened epidermis (w), which Pinkus believes to be the homologue 
of the reptilian scale.- 

The slope of the hairs takes different directions in different regions of the skin. Along 
certain lines tho hairs incline away from one another ; these lines have a spiral arrangement, 
so that the hairs appear to diverge in whorls. The whorls arc definitely and symmetrically 
placed ; all being paired except that on tho vertex. There are also secondary lines of divergence 
between the whorls. The whole constitutes a general hair-pattern over the surface, which is 
generally well seen in the lanugo of the foetus, and in some individuals can be recognised 
throughout life.'^ 

^ Arch. f. mikr. Anat. Ixv. 1904. 

- Tliis was originally a suggestion of Weber based on the mode of arrangement of the hairs. See 
also Stdhr, Anat. Anz. xxx. 1907 (Verhandl. d. Anat. Gcsel.) 

^ On tho hair-slope in man see W. Kidd, Journ. of Anat. xxxv^ 1901 ; also v. Brunn, op. cit. 
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With the exception of the bones and teeth, no tissue of the body withstands decay after 
death so long as the hair, and hence it is often found preserved in sepulchres, when nothing else 
remains but the skeleton. 

Structure of the hair-follicle. — The follicle may be described as 
consisting of a mouth and body ; the latter being the part below the orifice of 
the sebaceous glands (fig. 677). The wall of the follicle consists of an outer 
coat continuous with the corium, and an epidermic lining continuous with the 
cuticle. 

The dermic coat is thin but firm. It is not very distinct around the mouth of 
the follicle, but elsewhere it consists of three layers. The external layer is formed 
of connective tissue in longitudinal bundles, with many elastic fibres, but with 
few corpuscles. It is highly vascular, and provided with nerves. It may be 



Fio. 077. — Diaguam ok a haik-kollicli:. (Maurer.) 

regarded as being continuous above with the corium. The internal layer (Jiyalicn 
layer, Kolliker) (fig. 678, i, liy) is a transparent homogeneous membrane, marked 
transversely on its inner surface with raised lines. It does not reach as high as 
the mouth of the follicle, and varies greatly in thickness at different levels of 
the follicle. According to Stohr ^ the stratum next to the root-sheath is composed 
of a very fin(‘ membrane of epitludial origin. The middle layer of the dermic 
coat, of which it forms the thickest part, is composed of a fibrous matrix, tearing 
transversely, with transversely disposed connective-tissue corpuscles, with long 
nuclei. This layer corresponds with the papillary part of the cutis vera, and its 
blood-vessels are continuous above with those of that layer. 

The epidermic coat of the follicle adheres closely to the root of the hair. It com- 
monly separates, in great part, from the follicle and abides by the hair when the 

^ Anat. Hefte, xxiii. 1903. 
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latter is pulled out ; hence it has been named the ‘ root-sheath.’ It consists of an 
outer, softer, and, in the fresh condition, more opaque stratum next to the dermic 
coat of the follicle, and an internal more transparent layer, next to the hair. The 
former, named also the outer root- sheath^ and in most parts of the follicle much the 
thicker of the two, corresponds with the rote mucosum of the epidermis in general. 
It is formed of protoplasmic cells, of polygonal form, but flattened tangentially in 
places ; they include pigment-granules in the coloured races. They are distinctly 



INFANT. (Sclliifcr.) 


i. Through papilla, ii. JiiHt abovo juipilla. iii. About iniddlo of folliclo. iv. Near upper 
part of follicle. In i. : papilla; c, epithelium Hurrouiiding papilla, with pigment in cells; 

/cy, hyaline layer of dermic I'oat with thin oiibn* root-sheatli just within it. In ii., iii., iv. ; 
o, outer root-sheath; layer of Ilenle and layer of Huxley of the inner root-sheath; 
c, cuticle of root-sheath; //, hair. 

fibrillated, the fibrils passing from cell to cell across intercellular bridges as in the 
rete mucosum of the epidermis (fig. 679). At the deeper part these cells form a 
much thinner stratum and pass continuously into those of the hair-knob. The 
internal layer, or inner root-sheath, which represents part of the stratum corneum 
of the epidermis, is not continuous with that, for it ceases abruptly a little below the 
orifices of the sebaceous ducts. Lining the root-sheath internally is a layer of im- 
bricated, downwardly projecting scales, the cuticle of the root-sheath (figs. 678, 679, c) ; 
it is applied to the cuticle of the hair proper, to whose upwardly directed scales 
it fits like a mould. Its scaly cells, as well as those of the hair-cuticle, pass, at the 
bottom of the follicle, into a layer of columnar cells which covers the surface of the 

hh2 
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hair-papilla (fig. 677). The inner root-sheath itself consists of two layers (figs. 678 
to 681), which towards the upper part of the follicle become blended into one. The 
inner (that next the cuticula) is known as Huxley s layer ; it consists of flattened 
polygonal cells, two or three deep, containing granules similar in nature to eleidin. 
The outer {Henle's layer) is composed of oblong, somewhat flattened cells, with 
clear nuclei flattened against the inner border. The protoplasm of its cells is 
occupied by well-marked longitudinal keratinised fibrils (fig. 681). Between the 
cells gaps occur which are filled up by projections from the cells of Huxley’s layer, 
so that the two layers of the inner root-sheath dovetail into one another along 
their whole extent. Near the bottom of the follicle both pass into a single stratum 
of large polygonal nucleated cells without openings between them. Near the 
mouth of the follicle the two layers of the inner root-sheath are also not distinguivsh- 
able from one another (v. Ebner), and on reaching the mouth the inner root-sheath 



Fl(}. ()70. -TuANSVEHSK section of HAIU-EOEMCI.E, human, SHOWTNO FIBKILLATION OF (JELLS 
OF ouTFK uooT-siiEATii. (v. Bruiiii.) Magiiiliod 500 diameters. 

o.r.-sh. outer root-sheatli ; 7/c, Heule’s layer of inner root-slieath ; ffti, Huxley’s layer of 
iniK-r root-slieatli ; r, cuticle of root-slieath, 

tends to split up into its component cells, which become detached and lost as 
the hair grows.' 

The soft bulbous enlargement of the root of the growing hair is formed of cells 
which are in course of multiplication, and not arranged in definite strata. Laterally 
they are continued into the cells of the outer root-sheath ; superficially they become 
gradually transform(‘d into the horny cells of the hair and of the inner root-sheath. 
At the bottom of the follicle they rest upon the hair-papilla (fig. 680). The latter, 
which is vascular and also receives nerve-fibres, rises up into the bottom of the 
follicle, fitting into a corresponding excavation of the hair-knob. In the large 
tactile hairs of animals it is very conspicuous. In short, as the follicle is a 
recess of the integument, so the hair-papilla represents a greatly enlarged cutaneous 
papilla. 

Muscles of the hairs. — Slender bundles of plain muscular tissue — the 
arrectores — are connected with the hair-follicle (see Plate). These, which were 
discovered by Kolliker, arise by a number of fasciculi from the superficial part of 

^ St'u on the Htructurc^ of Uie hair-follicde v. Bninn. in Arch, f, inikr. Anat. xliv. 1895, and op. cit. 

“ Giovaunini fAnat. Anz. xxxii. l!>0s) find^? that in soinii of the liairs of the beard the papilltc are 
divided at tlie siunmit into two or throe. 
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the coriuni, and join to form a somewhat flattened and plexiform muscle which passes 
down obli(juely to be inserted into the outside of the follicle below the sebaceous 
glands, which they in a measure embrace in their passage. In the dermic coat 
of the follicle some of the muscular fibres become transverse, and partly encircle 
the lower part of the follicle. Tliey are placed on the side to which the hair-follicle 
slants, so that their action in elevating the hair is evident. When the hairs are in 
groups, as in the scalp, one muscle may divide as it passes to its insertion, and may 

o /■ // 



Fiti. OSO. - Longitudinal SKc'i’ioN up a haiu-polligle. (Schafer.) Magnified ‘200 diameters. 
o, outer, i, inner root-sheatli ; //, hair; .r, [lart shown niagnifie<l in fig. (>Hl. 

be attached to several follicles (Hesse). In some parts a muscular slip is sent more 
deeply into the integument and becomes attached to the connective tissue enclosing 
a sweat-gland. 

Nerves of the hairs (figs. 682, 683, 684). — nerve-fibre passes to each hair 
follicle, and others, as already remarked, enter the papilla. The one to the follicle 
arises from the nerves to the adjacent part of the cutis and enters the dermic coat 
just below the sebaceous glands (fig. 682). Its branches pass in a ring-like manner 
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round the hair and enter the outer root-sheath, where they terminate as in the 
rete mucosum of the epidermis. From the ring numerous branches pass for a short 


Fig. small poutigx of the section shown in fig. 680 enlarged to exhibit the 

STRL’CTURE OP THE SEVERAL LAYERS. (Schiifer.) 
h, hair; its cuticle; c\ cuticle of root-sheath; i'\ Huxley’s layer; i\ Henle’s layer; 
0, outer root-sheath; //i/, hyaline layer ; r/, dermic coat; /, fat-cells. 


distance upwards and downwards in the outer root-sheath (fig. 683). In the tactile 
hairs of animals, the nerves were described by Schobl ' as passing over the outer 



Fig. 682 .— Nerves and nerve-endings in the skin and hair-follicles. (G. Retzius.) 

hsiy horny stratum; rete mucosum; c, superficial nerve-fibre plexus in the cutis; cu- 
taneous nerve ; is, inner root sheath of hair ; as, outer root-sheath ; h, hair ; dr, sebaceous glands. 

root-sheath, losing their white substance, and forming a close plexus with vertical 
meshes ; finally ending in an annular expansion, which encircles the hair just below 
1 Arch. f. mikr. Anat. vii. 1871, viii. 1872, and ix. 1873. 
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the orifices of the sebaceous glands, and is in immediate connexion with the hyaline 
layer of the follicle. This statement has been generally confirmed, except that the 
annular expansion of Schobl has been shown to be an annular ramification of pale 



OF SKIN PRiil'AHEI) BY THE 
CHROMATE-OP-SILVER METHOD, 
SHOWING THE UPPER PARI’ OF 
TWO HAIRS AND THE TERMINAL 
ARBORISATIONS OF NERVE- 
FIBRES IN THEIR ROOT-SHEATHS. 

(Van Geliucliteii.) 



Fio. 684 .--Nerve-endino in outer root-hheath of tactile 

HAIR OF RABBIT. (Ranvier.) 

nerve-fibre; />?, tactile meniscus; o, outer root-sheath; 
e, inner root-sheath ; 7i, hair; Zi//, hyaline membrane. 



fibres amongst the cells of the outer root-sheath, some of the nerve-fibres, which are 
placed more superficially, terminating in irregular disc-like enlargements (fig. 684) 


Pig. 686.— Hair-germs in a section of the scalp of v m man ketus. (Hzymonowicz.) 

Magnified 230 diameters. 

rt, commencing down-growth of epidermis ; 6, further stage of down-growth ; c, connective- 
tissue cells beginning to accumulate to produce the dermic coat of the follicle ; d, hair-follicle 
more advanced in development; c, section of a blood-vessel. 


between the root-sheath and the hyaline layer. ^ Ordinary hairs receive fewer 
nerve-fibres, but, as in the tactile hairs, most of these appear to end in the outer 

1 See further on the nerves of hairs. Van Gohuchten, Anat. Anz. vii. 1892 ; L. Ranvier, Traite tech* 
niqiie d’histologie, 1889; G. Retzius, Biol. Unters. iv. 1892, and vi. 1894; E. Botezat, Arch. f. mikr* 
Anat. 1. 1897 ;• Ksjuniu, ibid. liv. 1899 ; Szymonowicz, ibid. xlv. 1895, and Ixxiv. 1909. 
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root-sheath at about the level of the orifices of the sebaceous glands. In the tactile 
hairs (sinus-hairs) of animals the follicle is partly surrounded by a blood-sinus, 
which lies between the outer and middle layers of the dermic coat.* 

The nerve-fibres to the arrector muscles are derived from the sympathetic. 
Development of hair in the foetus. — The rudiments of the hairs may h6 
discerned at the end of the third or beginning of the fourth month of intra-uterine 
life, as little black specks beneath the cuticle. They are formed of thickenings of 
the rete mucosum, which soon slant obliquely into the corium (fig. 685). There is 
no projection of the horny layer at the surface. When those down-growths 
first occur (fig. 685, a), they present an appearance which recalls that of certain 

small tactile patches, supplied with nerve - 
fibres, found in the skin of amphibia and 
some reptiles. Two thickenings early show 
themselves on the down-growing follicle-rudi- 
ment ; one of these represents the place where 
the sebaceous glands will subsequently be 
developed, the other forms the so-called ‘ hair- 
bed ’ or ‘ hair-matrix,’ and represents the 
germ of the secondary hair which will replace 
the first one. It is seen in the fully developed 
hair-follicle in the neighbourhood of the attach- 
ment of the arrector pili. A homogeneous 
limiting membrane encloses the collection of 
cells ; this is continuous above with a similar 
simple film which at this time lies between 
the cuticle and the corium ; it becomes the 
innermost or hyaline layer of the dermic 
coat of the follicle. The hair-rudiment next 
lengthens and swells out at the bottom, so 
as to assume a flask-shape, and becomes 
fitted over a papilla which has been formed in 
the subjacent corium. Outside the limiting 
membrane, the fibres, corpuscles, and other 
constituents of the dermic coat of the follicle, 
as well as the arrector muscle, become formed 
from mesoderm.'^ While this is going on out- 
side the follicle, the cells within it, which at 
first were uniform in appearance, are found to 
have undergone changes, having become trans- 
formed into the layers of the root-sheath and 
the miniature conical hair. The inner root- 
sheath, lying next to the hair (fig. 686, k), is 
distinguished by its translucency from the more 
opaque outer part that fills up the rest of the 
cavity. The hair and the inner root-sheath 
are formed from the cells which cover the 
top of the papilla. These acquire eleidin-granules, and also, in the case of those 
which produce the hair, pigment-granules. The eleidin-granules are stated by 
Ranvier to occur only in the cells that form the medulla of the hair and in those 

^ See on tlie structure of Biiius-hairs, Tretjakoff, Anat. Aiiz. xxxvii. 1910. 

StUlir, Anat. Hefte, xxiii. 1903. This paper contains many important details, as well as the 
history and literature of the subject up to that date. See also Oyama, ibid. 



Fio. G80.— Developino hair from a 

HUMAN EMBRYO OP 4^ MONTHS. 

(Ranvier.) 

f;, papilla; /, hair-rudiment; /, cells 
forming inner root-sheath; kj keratinised 
portion of inner root-sheath, remaining 
imcoloured by carmine ; c, external root- 
sheath ; 6, epithelial bed, for insertion of 
arrector pili; «, sebaceous gland; f, se- 
baceou.s matter forming independently 
in the part which will become the neck 
of tlio follicle. 
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that form the inner root-sheath, while the granules which are found in the cells 
from which the fibrous substance and cuticula of the hair are produced stain 
brown with picrocarmine and resemble the onychogenic substance of the nail- 
matrix. 

As the young hair reaches in its growth the upper part of the follicle, the central 
cells which block the neck of the follicle undergo a kind of fatty degeneration, and 
disintegrate to produce a sebaceous secretion like that of the sebaceous glands 
(fig. 686, i) ; a channel thus becomes formed between the epidermis-cells, which 


Fio. G87. — Longitudinal section of a hair with its follicle from a six-months 
HUMAN EMRRYo, (Szymoiiowicz.) Magnified about 150 diameters. 

papilla; h, young hair; i, inner root- sheath ; ri, dermic coat of follicle; o, outer root- 
sheath; s, sebaceous gland-rudiment ; Z>, projection for insertion of arrector pili. 

usually passes obliquely towards the surface (fig. 687). The young hair continuing 
to grow, eventually appears through the cuticle ; it is often bent like a whip, and 
the doubled part protrudes. The sebaceous glands are in the meantime becoming 
formed as lateral buddings of the outer root-sheath into the corium (s) ; they soon 
open into the mouth of the follicle. 

Between the soft cells of the hair-bulb in the growing hair wander-cells con- 
taining pigment granules are frequently seen ; it has been supposed that the 
pigment may be carried to the cells of the hair-bulb through their agency 
(Riehl). 
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The first hairs produced constitute the foetal lantigo; ' their eruption takes place about the fifth 
month of intra-uterine life ; some of them are shed before birth, and are found floating in the 
liquor amnii. 

Even after birth new hair-rudiments may for a time continue to be formed either from the 
rete mucosum of the epidermis or from the outer root-sheath of existing hair-follicles. 

Replacement of hairs. — According to K611iker’s observations, the infantile 
hairs are entirely shed and renewed within a few months after birth ; those of the 
general surface first, and afterwards the hairs of the eyelashes and head, which he 
finds in process of change in infants about a year old. A formation of new hairs, 
preceded or accompanied by shedding of the old ones, also goes on during the whole 



Fio. 688.— Longitudinal section throuoh the follicle of a club-hair. (Ranvier.) 
rn, epithelium at the bottom of the follicle (which contains no papilla) ; b, mocliliea hair- 
bulb ; c, neck of the hair-follicle somewhat opened in jjreparing the section ; s, sebaceous 
gland ; o, epithelial bud at the level of the insertion of the arrector pili. 

of life. The papilla of the old hair diminishes in size and eventually disappears, 
and the hair-bulb becomes wholly keratinivsed, so that if the hair be now pulled out 
it appears solid throughout. As already explained, such hairs have been termed 
cluh-hairs to distinguish them from the ordinary hollow-bulbed or papilla-hairs. 
The hair-root acquires a closer attachment to the sides of the follicle, within which 
it gradually becomes shifted towards the surface of the skin (fig. 688), but all active 
growth ceases, and finally the hair drops out of the follicle. The club-hair is some- 
what wider at its lower end, but not bulbous like the papilla-hair. The new hairs 
are generated in the follicles of the old (figs. 689, 690). An increased growth 
of cells takes place from the ‘ hair-matrix,' and a new papilla is produced within 
the mass of cells thus formed. These cells come to occupy the lower part of the 

^ The term lanugo is also UHed for the small downy covering of hairs which is seen over the general 
surface of the body after birth and throughout life. 

^ On the mode of replacement of hair see Unna, Arch. f. mikr. Anat. xii. 1876 ; Ranvier, Trait6 
technique, 1889; Giovanuini, Arch. f. mikr. Anat. xxxvi. 1890; G. Aubertin, ibid, xlvii. 1896 ; L. Steida, 
Anat. Hefte, xl. 1910. 
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When a hair is pulled out the process of regener- 
ation does not, according to (liovannini, begin imme- 
diately, but only after an interval of from 6 to 12 
weeks. The cells at the bottom of the follicle 
then exhibit active karyokinesis, migratory cells 
containing pigment appear amongst them, and 
changes similar to those which occur in the normal 
process of formation of the hair are observed. 


sebaceous glands. - 
The sebaceous grlands (see Plate, 
p. 463 and fig. 691) are small saccular 
glands most of which pour out their secre- 
tion at the roots of the hairs. For, with 
very few exceptions (labia minora and eye- 
lids, and, in some individuals, at the red 
margin of the lips, near the angle of tlie 
mouth), they open into hair-follicles, and 
are found wherever there are hairs. Each 
has a short wide duct, opening within the 
mouth of the hair-follicle. Traced back- 
wards the duct leads to a cluster of small 
rounded secreting saccules, which are almost 
filled by epithelium-cells (fig. 691) loaded 
with particles of fatty substance. The 
saccules possess a basement-membrane, out- 
side which is a covering of connective tissue. 

The deeper cells multiply constantly and, 
becoming filled with fatty granules, pass 
towards the centre of the alveolus. Here 
they undergo disintegration, and the fatty 
and other substances with which they are 
charged form the secretion of the gland, 
which is discharged by the duct into the 
mouth of the hair-follicle. The number of 
saccular recesses connected with the duct varies from four or five to twenty ; it 
may be reduced to two or three, in very small glands, or even to one, but this is 
rare. The sebaceous glands are lodged in the substance of the corium. They are 
usually placed on the side to which the hair slopes, in the angle formed by the 
junction of the arrector pili with the hair, so that when the muscular fibres contract 
they tend to compress the gland. Several may open into the same hair-follicle. 
Their size is not regulated by the magnitude of the hair ; some of the largest being 
connected with the fine downy hairs on the alee of the nose and other parts of the 
face (fig. 691). There are large sebaceous glands in the skin of the external auditory 


Fig. 689. — Longitudinal section through 

THE FOLLICLE OF A CLUE-HAIR, THE ROOT 
OF WHICH IS UNDERGOIN(5 ABSORPTION. 

(Schafer.) Magnified 200 diameters. 

A new papilla has become formed at the 
bottom of the follicle. 


follicle ; they multiply and are gradually converted into a new hair with its root- 
sheath, just as in the primitive process of formation in the embryo. According 
to some authors the new hair may be developed in connexion with the old papilla ; 
others believe that in all cases a new papilla is formed and that the old one under- 
goes atrophy, thus resembling the changes which accompany the formation of the 
permanent teeth. Ultimately the newly formed hair grows towards the mouth 
of the follicle and protrudes from the .surface of the skin, where it may be seen 
alongside of the club-hair which it is to 
replace. 
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meatus ; here they arc closely associated with the ceruminous glands, which, 
although secreting a fatty material, are modified sweat-glands (see p. 479). The 
sebaceous glands here penetrate much more deeply than usual into the cutis 
vera and may even reach the subcutaneous tissue. 

The Meibomian glands of the eyelids are to be regarded as modified sebaceous 
glands, although they do not open into hair-follicles. 

development of the sebaceous grlands. — The rudiments of the sebaceous 
glands sprout like little buds from the sides of the liair-follicles ; they are, in fact, 
at first excrescences of the external root-sheath (fig. 686, s), and are composed 



j>, j)ai)illa of the iiew luxir; /, it» inner voot-sheatli ; a, its 
outi'j- root-slu'iitli continuous ahovo with that of the old 
hair, yi'; r, epithelial projection at the level of the insevtion 
of the arrector pili, ?/i. 


Fl(i. 01)1. ra)N(ilTUDINAti SECTION OF A 
SKUACKOUS (iLANl) FROM THE CHEEK, 
WTl H A SMAIJ- HAIR GROWINO THROUGH 
ITS DECT. (Toldt.) 


entirely of similar cells. Each little process soon assumes a flask-shape and the 
central cells become occupied hy fat-particles. Tliis fatty transformation of the 
cells extends along tin* axis of the pedicle until it penetrates through the root- 
slu'atii, and the fat-cells thus escape into the cavity of the hair-follicle, and con- 
stitute the first secr(‘tion of the sebaceous gland. They are soon succeeded by 
others of the same kind, and the little gland is established in its office. Additional 
saccules and recesses, by which the originally simple cavity of the gland is com- 
plicated, are formed by budding out of its epithelium, in the same way as the first 
saccule was produced from the epithelial root-sheath. 

The cells of the sebaceous glands form not only granules of fatty material, but 
also of eleidin (keratohyalin), and part of the cell-substance eventually undergoes 
keratinisation.' 


B. Rosenstadt, InUHTiat. Monthly Journ. Anat. and Physiol, ix. 1892. 



SWEAT-GLANDS 


477 


SWEAT-QIiANDS. 

The sudoriferous grlands or sweat-g-lands are for the most part 
situated below the cutis vera, at variable depths in the subcutaneous adipose 
tissue (figs. 661 and 662). To the naked eye they have the appearance of small 
round reddish bodies, each of which, when examined with the microscope, is found 
to consist of a tube, coiled up into a ball (though sometimes forming an irregular 
or flattened figure). From the gland proper the tube is continued, as its duct, 
upwards through the true skin and cuticle, to open on the surface by a slightly 
widened orifice. The secreting tube (ampulla) is considerably larger than the 
duct, and also has a wider lumen (fig. 692). The duct, as it passes through 
the epidermis, is twisted like a corkscrew in parts where the epidermis is 
sufficiently thick to give room for this (figs. 653, 661) ; lower down it is straight 
or but slightly curved. Sometimes the duct is formed of two coiled-up branches 
which join at a short distance from the gland. The tube, both in the gland and 


1 



Fig. 602. Section of a sweat-cjland in the skin of man. (Schiifer.) 

a, G, secretinj^ tube in section; 6, a coil seen from above; c, c, efferent tube; inter- 
tubular connective tissue with blood-vessels. 1, basement-membrane ; 2, jnuscular fibres cut 
across; 53, secreting ei)ithelium of tubule. 

where it forms the excretory duct, has a vascular investment of connective tissue, 
reaching no higher than the surface of the true skin; within this investment 
it consists of a thin membrana propria and an epithelial lining. The epithelium in 
the gland proper is formed of a single layer of cubical or columnar cells (often con- 
taining brownish pigment) and, in the duct, of two or more layers bounded next 
the lumen by a fine cuticular lining. The epithelium of the duct is continuous 
with the epidermis ; the twisted part of the duct is merely a channel excavated 
between the epidermis-cells. Between the epithelium and the basement-membrane, 
in the proper secreting portion of the gland, is a layer of longitudinally and obliquely 
disposed fibres which are generally described as plain muscular fibres, although the 
physiological evidence of their muscular nature is not conclusive. They vary in 
amount. In smaller glands the layer is incomplete, and in the smallest the fibres 
may be altogether lacking. On the other hand, in the large glands which occur in 
the axilla, at the root of the penis, on the labia majora, and in the neighbourhood 
of the anus, the layer of muscular fibre-cells is very well marked. According 
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to Bonnet the muscular layer is least developed in those parts of the skin which 
are most subject to the tension produced by contraction of ordinary muscles, and in 
glands which yield a more fluid secretion. Muscular fibres are absent in the duct. 
The latter is often coiled two or three times before leaving the gland, but its coils are 
distinguishable from those of the gland proper by the differences above mentioned. 
The secreting cells of the sweat-glands show the peculiar striated and granular 
appearances characteristic of most gland-cells ; minute canals or clefts are said to 
pass from the lumen of the tube between the opposed surfaces of the cells (Ranvier).^ 
Secretory changes in the granular cell-contents have been described (Joseph). In 
the larger axillary glands Tulke^ finds two kinds of cell, one dark and granular, 
the other clear ; these may represent functional modifications of one and the 
same kind. The cells of the axillary glands contain yellow pigment in granules 
and flakes ; a similar pigment is seen in their duct-cells. In the larger glands 

the tube is rarely simple, usually divid- 
ing by repeated dichotomous branching 
into smaller tubules, which before end- 
ing give off short csecal processes ; in 
rare cases the branches anastomose. On 
detaching the cuticle from the true skin, 
after its connexion has been loosened 
by putrefaction, it usually happens that 
the cuticular linings of the sweat-ducts get 
separated from their interior to a certain 
depth, and are drawn out in the form of 
short threads attached to the under-surface 
of the epidermis. The coils of the gland 
tube are held loosely together by con- 
nective tissue (fig. 692, d), which may 
form a sort of capsule round the body of 
the gland. Each sweat-gland is supplied 
with a dense cluster of capillary blood- 
vessels and with nerves ; the latter 
have been traced to the gland-cells 
(Ostroumofi). 

Sweat-glands exist most numerously 
in regions devoid of hair, but they 
occur in all parts of the skin, and may 
in some cases open into hair-follicles. 
According to Krause, about 370 occur on 
a square centimetre of the palm of the 
hand, and somewhat fewer on an equal 
extent of the sole of the foot. He found 
about 200 per square centimetre on the back of the hand, and about 175 on the 
forehead, and the front and sides of the neck. On the breast, abdomen, and fore-arm 
there are about 155 to the square centimetre, while on the lower limbs and the back 
part of the neck and trunk, the number in the same space is not more than from 
60 to 80. 

As has already been intimated, the size of the sweat-glands also varies. Accord- 
ing to Krause, the average diameter of the coil is from 0*17 to 0*35 mm. ; but in 
the axilla he found the greater number to measure from 0*75 to 1'25 mm., and some 
were nearly 4 mm. in diameter. 



Fig. 693, — Section of cekuminoub gland op 
THE EXTEKNAL EAR. (SchUfer,) Photo- 
grapli. 

duct of gland, having a spiral course and 
therefore cut several times ; it is partly filled 
with cerumen ; <//, secreting tubules of gland ; 
s, extremity of a tubule of a sebaceous gland 
which extended as far as the base of the 
ceruminous gland. 


' Cf. Fananas, Rev. trim, microgr. i. 1896. 


^ Arch. f. mikr. Anat. Ixi. 1903. 
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The ceruminous glands in the auditory passage consist of a tube coiled into a 
ball, like the sweat-glands (fig. 693). Although there is a difi^erence in the nature 
of the secretion, which is of a fatty nature in the ceruminous glands, the general 
correspondence between the two in structure and mode of development renders it 
clear that the ceruminous glands may be regarded as a variety of the sudoriferous ; 
they are, however, considerably larger. As already stated, they are associated with 
large sebaceous glands (fig. 694). Other modified sweat-glands are the circumanal 
glands and the glands of Moll in the eyelids. Both of these show a branching type 
of tubular glands allied to tiibulo-racemose, and both are much larger than 
the ordinary sweat-glands. There are also found around the anus large and small 
sweat-glands of the ordinary type, as well as glands with straight ducts and well- 
marked saccular alveoli.^ 

The development of the sweat-glands was first accurately studied by Kolliker. 
Their rudiments, when discoverable in the embryo (about the fifth month), have 
much the same appearance as those 
of the hairs, and consist of processes 
of the rete mucosum, which grow 
down into the cutis vera; but they 
lack the slant which characterises the 
liair-germs. In hairy parts of the 
skin they often commence as sprouts 
from the rete mucosum of each hair- 
germ, and subsequently become shifted 
to the adjacent skin- surface.^ They 
are formed of cells collected at the 
growing end into a solid mass of a 
club shape, continuous by a thinner 
cell-strand with the rete mucosum. 

They are surrounded by a homo- 
geneous limiting membrane, prolonged 
above into that between the derma 
and cuticle. Their subsequent changes 
consist in the formation of a canal 
along the axis of the cell-strand — at 
first without an outlet — the prolonga- 
tion of this through the epidermis to 
open on the surface^ the coiling up of the gradually lengthening end-tube into a 
compact ball, and the twisting of the duct as it proceeds to the orifice. The 
plain muscular tissue of the sweat-glands is said to be developed from some of the 
epithelium-cells of the rudimentary gland (Ranvier), and is therefore of ectodermal 
origin. 



Fj(}. 694.— Section hhowino the duct op a ceru- 
minous (ILAND ACCOMPANIED HY THE HECRETINO 
TUBULES OF LARGE SEBACEOUS GLANDS, (Scliufer.) 

Photograph. 

df duct of ceruminous gland ; s, s, sebaceous 
glands on either side of it. 


THE MAMMA-KY GLANDS. 

The mammary glands are to be regarded as modified cutaneous glands ; probably 
they represent sweat-glands, which they resemble in their mode of development. 
In the human female they form two hemispherical masses on either side of the 
sternum, covering the pectoral muscles; but in the virgin and nulliparous condition 
these masses are only in small part glandular, being formed mostly of connective 


^ Huber, Contrib. to med. research, Ann Arbor, 1908 (with Adamson). 

^ Backmund, Anat. Hefte, xxvi. 1904 ; F. Diem, ibid, xxxiv. 1907 ; C. Wimptheimcr, ibid, (all three 
articles from Stbhr’s laboratory). 
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and adipose tissue, which, with the supervention and progress of pregnancy, 
gradually disappears and gives place to the growing gland-tissue. Each mam- 
mary gland is composed of some fifteen to twenty separate racemose glandules, 
the ducts of which {lactiferous ducts) open separately at the apex of the nipple, 
each in a small depression. As they pass towards their orifices each duct 
exhibits a spindle-shaped enlargement known as the lactiferous sinus or ampulla 
(fig. 695) ; at the orifice the duct is again constricted. The aggregation of the 
glands forms the so-called corpus rnammce : the individual parts of this are 
separated from one another by intergland ular connective tissue. This connec- 
tive tissue may, as already stated, contain a considerable amount of fat, but 



Fio. 695.— Dissection of the lowek half of the female mamma during the period of 

LACTATION. (From Lusclika), 

in, undissoctod part of the mamma; 1, the maniilla ; 2, areola; 8, Hubcntancous masses 
of fat; 4, loculi in tlie connective tissue which supports the glandular substance; 5, three 
lactiferous ducts passing towards the mamilla where they open ; 6, one of tlic sinuses or 
ampulhe; 7, some of the glandular lobules which have been unravelled; 7', others massed 
together. 


fat is absent in and under the nipple and areola — the pigmented area of skin 
which immediately surrounds the nipple. In the latter part of pregnancy and 
during lactation the whole mamma is glandular in appearance, the connective- 
tissue stroma being greatly reduced in amount. After the cessation of lactation a 
process of involution succeeds, the mamma becoming again less glandular and the 
stroma relatively more developed ; usually also there is more fatty tissue than 
before. ‘ 

Underneath the areola there are a few accessory glandules, constructed on the same principle 
as the mammary glandules proper, but quite small; they open on the skin of the areola, 
not at the apex of the nipple. A number of large sebaceous glands also open on tho skin 
of this region; some in conjunction with the accessory glandules and independently of 
hairs. 

Tho mamma in tho male sex has the same parts as in the female, but in an entirely rudimentary 
condition, the gland being very small ; the nipple is usually the only external sign of its existence. 
Rarely, it has been found to undergo enlargement and to furnish a serous fluid ; in very rare 
oases it has secreted milk. 




Fig. 607. — Section of mammary gland oi \\ 
(Testiit, after de Siiiety.; 


Ni. i ACTATION. 


G, lobule of gland ; b, acini lined by cubical epithelium ; c, duct ; f , connective-tissue stroma. 


The ducts are lined for a short distance near their mouths by stratified 
epitlielium continuous with that of the skin, but this soon gives place to somewhat 
VOL. II. PART I. I I 
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long (columnar cells with their nuclei arranged alternately at two levels : the cells, 
however, form only a single layer. Outside the epithelium is a connective-tissue 
coat the white fibres of which run for the most part circularly, the elastic fibres 
longitudinally. The ducts branch again and again, and ultimately end in groups 
of saccular or tubulo-saccular alveoli (fig. G97). 

The alveoli in the virgin gland arc completely filled with polyhedral epi- 
thelium-cells. The wall of the alveolus is formed by a thick basement-membrane 
(halo of (J. Langer) ; outside this is a stratum of stellate intercommunicating con- 
nective-tissue cells. In the actively secreting gland the appearance of the alveoli 
is very different. They now appear as distended saccules with large lumina, separated 



FkJ. f)08. — SECrUON of mammary (JI.ANl), HUMAN, IN FUEL ACTIVITY. (v. EblK'V.) 

Magnified IJO diameters. 

n, d', a", alveoli variouHly cut, and distended by Hocretion ; 7 , 7 ', commeiKnng ducts; 
i, connective tissue, 

from adjoining acini by relatively thin partitions of connective tissue (fig. 698). The 
clear basement-membrane of the alveolus is no longer visible, and the lining epithe- 
lium, which appears to be in contact with the stellate cells, is flattened or cubical 
according to the amount of distension of the gland with milk.^ The cavities of the 
alveoli and all the ducts are occupied by milk, the fatty globules of which lie free 
in the fluid filling the alveoli (fig. 699). Similar globules may be seen occupying 
the inner zone of the epithelium-cells of the alveoli ; these inner zones may indeed in 
some cells be so filled with fat-globules as to project into the alveolus considerably 
beyond the general line of the epithelium (fig. 700). There is little doubt that the 
globules thus formed in the cells are set free by being passed into the lumen of 
the alveolus — possibly by the dehiscence of the inner zone. The first milk formed 
(cnlostrwn) contains, besides free fat-globules, others which are enclosed within 
protoplasmic cells ; such cells — known as colostrum-corpuscles — are also seen within 

’ Scluifur, article ‘ Mammary Gland,’ in Advanced Text-book of Physiology, 1898. 
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the secreting alveoli. They are regarded by most authors as detached epithelium- 
cells, but others consider them to be phagocytic leucocytes which have passed 



Fig, 001). — Section of hitman mammary gland during LAcrATioN. (From Marshall’H 
Phyrtiology of Roproduetion.) Highly magnitiod. 

ail alveolus ; />, a duct. The fat-globuleH are stained black by osmic acid. 


through the epithelium into the milk and taken the fatty globules into their 
interior. 

After lactation is over a general process of involution begins. The alveoli 
become atrophied and the glandular 
substance is again reduced to a small 
amount ; but it is never so small as in 
the virgin condition. 

Here and there ( ven in the active gland 
a certain number of lobules may be seen with 
their alveoli still in an undeveloped state 
(fig. 701). It is probable that as lactation 
progresses, the increasing demand made upon 
the gland during growth of the oftspring will 
cause those also to undergo evolution. 

The blood-vessels form a close 
network of capillaries investing the 
alveoli. The glands are supplied with 
blood by numerous branches of the in- 
ternal and external mammary arteries 
which ramify within the connective-tissue septa. The veins are partly deep, 
accompanying the arteries, partly superficial. The lattei form a circular plexus 



Fig. 700. — An alveolus with fat-drops in cells. 
(v. Kbiier.) Magnified 300 diameters. 

e, cells of alveolus ; ky cells forming basket-like 
basemenUmembrane, tn ; connective tissue. 
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around the areola ; from this plexus venous branches course radially over the 
surface of the gland. 

The lymphatics arise from sinus-like spaces surrounding the alveoli (as in 
other racemose glands). These sinuses anastomose to form an open network. 
From all parts of the gland the efferent lymphatics converge towards the areola, 
where they form a subareolar plexus. From this plexus two vessels, which may 
ultimately unite into one, convey tlie lymph laterally towards the axillary 
glands, receiving in their course numerous tributaries. Other lymphatics from 

the mesial part of the 
mamma pass to the sternal 
lymph-glands along the 
internal mammary artery. 
Many of the lymphatics 
are perivascular (Stiles). 

The nerves of the 
mamma pass partly to the 
skin and the subcutaneous 
plain muscular tissue, 
partly to the blood-vessels 
and glandular tissue. Tac- 
tile corpuscles occur in the 
papillfc of the nipple, and 
Pacinian corpuscles under 
tlie areola . In the gla ndular 
tissue nerv(‘-fibre lennina- 
tious are seen amongst the 
cells (Dmitrewsky), but the 
secretion is not under 
the din'ct influence of 
nerves like that of the 
sa livarv glands. It appears 
to be stimulated by “ lior- 
rnones circulating with 
the blood. Such hormones 
can be extracted from 
the infundibular portion of pituitary body, from corpora, lutea, from the involuting 
mucous membrane of the uterus, and from the lactating gland itself.’ 



- (I 


Fi(i. 701 . — Section fhom the same olanp as that shown in 
FKi. (507. (v. Khner.) Magnifictl 110 diainoters. 

6, coniieciivo tissue; undeveloped alveoli; (l\ j)artiully 
developed alveoli; _</, blood-vessels ; ///, portion of larger duet with 
two-layeiaal epithelium. 


Bevelopment of the mammary g^land, — In embryo-manimals, at an early i)eriod, a line of 
thickening of the o])i(lormis- -the mammary lint — i.s seen along the lateral wall on each side of 
the body, extending from the axilla to the groin. 'I’his thickening soon disa})pears except at certain 
places, where the future mammary glands are to be developed. The first sign of the gland shows 
itself at the end of the second month in the human embryo (Rein) in the shape of a thickening 
and downgrowth of the rete muco.snm of the epidermis at the .site of the future nipple. The 
thickening spreads laterally so as to correspond with a small area (mammary area), which soon 
becomes sunk below the general surface. From the thickened rete mncosiim of this area special 
oiitgroAvtlis of the epithelium into the cutis vera occur, one for each of the lobes of the future 
gland. These outgrowths, as M idi other racemose glands, become branched, and their branches 
end in enlargements. The formation of these sprouts goes on until birth, but the development of 
glandular alveoli from them tlocs not occur until the approach of puberty in the female, and in 
the male not at all. The projection of the nipple from the rest of the mammary area docs not 
begin until about the first year after birth ; within it a large amount of plain muscular tissue 
becomes formed. The remainder of the mammary area become.s the areola. 

^ Ott and Scott, Proc. Soc. Kxper. Biol. Dee. 1910 ; Schiifer and Mackenzie, Proc. Roy. Soc. March 
1911. 




THE ALIMENTAEY SYSTEM 

The alimentary system comprises the mouth with the tongue and teetli and 
salivary ghMids, the pharynx with the tonsils, the gullet; tlie stomach, the small 
intestine wit li the pancreas and liver, and the large intestine. In continuity and 
in close morphological relation with the alimentarv system is the respiratory 
system, including the nostrils, the larynx, trachea and bronchi, and the lungs; 
the last are developed much in the same way as the glands which pour their 
secretions into the alimentary canal, such as the salivary glands and pancreas. 
The description of the structure of the nasal passages may conveniently precede 
that of the alimentary canal ; the remainder of the respiratory system will be 
described afterwards. 

THE NASAL PASSAGES. 

Mucous membrane of the nasal passa^eB. — This membrane, also known 
as the Schneiderian or pituitary membrane, is very intimately attached to the 
periosteum and perichondrium of the bones and cartilages of the nose, the con- 
nexion being, however, closer in some parts than in others. It is thick and highly 



Fig. 702 .— Section of the mucous membrane of the olfactory region. (Cadiat.) 
rt, cpitheliuin ; glands of Bowman ; c, nerve-bundles. 

vascular, especially over the turbinate bones and septum ; thinner and less vascular in 
other parts of the nasal fossa), and thinnest in the cavities which communicate 
with the nasal fossoo, where it also has fewest vessels. Except over the uppermost 
turbinate and the corresponding part of the septum the nasal mucous membrane is 
covered with ciliated epithelium. Between the cells of this are seen the orifices 
of numerous small racemose mucous glands, which themselves lie in the deeper 
part of the membrane. These glands are most numerous in the middle and 
back parts of the fossie, and largest near the floor. Bundles of plain muscular 
fibres lie around the gland alveoli in some parts, especially where the membrane is 
thickest ; the muscle-bundles partly encircle the venous plexuses which here lie 
under the mucous membrane (Klein). 

In the uppermost part of the fossa) (olfactory region) the membrane has a 
yellowish colour and is covered by non-ciliated coluinnar cells ^ between which lie 
the olfactory cells, which give origin to the olfactory nerve-fibres (see pp. 288, 289). 
This olfactory part of the membrane contains glands of a different nature from those 
in the remaining or respiratory part. In place of mucous glands wc here find 
glands with comparatively large alveoli and granular yellowish cells, which yield a 
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serous secretion {glands of Bowman — fig. 702), and open by fiine ducts between the 
epitheliuin-cells. Amongst the gland-alveoli are seen conspicuous bundles of the 
olfactory nerve-fibres, which are passing from the olfactory cells in the mucous 
membrane towards the cribriform plate of the ethmoid bone. Although the gland- 



Fl<i. 703 ,--Skction of mucous membrane from the back of the mouth (rabbit). 
(Schiifer.) Magnified 240 diameters. Piiotograph. 

Two bread pa[>illa' are seen in the section. 

cells are mainly serous there are a few mucus-secreting cells amongst them. Here 
and there patches of ciliated epithelium may be seen in the olfactory region ; the 
glands which open on to such patches are always mucous glands. Besides the 



Fio. 704. — Three fafill.e from Fio. 705. — Fart of a smaee mucous gland 

THE inns, WITH THE HLOOD- OF THE MOUTH. (Klein.) 

vessei.s INJECTED. (Toldt.) H, alvcoH ; (7, duct. 

columnar and olfactory cells of the olfactory membrane there are other more 
deeply lying sustentacular cells, resting on the basement-membrane.^ 

At the most anterior j^art the nostrils are lined by a prolongation of the skin, 
covered by straiified epUhelinm (epidermis), and provided witli hairs and sebaceous 

1 See Vol. 111. Part II. ‘The Olfactory Organ.’ 
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glands and other structures special to the skin. In various regions, but especially 
at the posterior part of the nasal fossse near their communication with the pharynx, 


lymphoid tissue occurs in the corium. 
It may be here and tlierc accumulated 
into lymphoid nodules, foreshadowing 
the adenoid tissue found so abundantly 
in the adjacent upper part of the 
pharynx. 

THE MOUTH. 

Mucous membrane of the 
mouth. — This mucous membrane, 
which is continuous at tlie outer 
margin of the lips witli the skin 
and at the isthmus of the fauces 
with the mucous membrane of the 
pharynx, varies considerably in dif- 
ferent regions in the closeness of its 
adhesion to subjacent structures. Thus 
it is intimately ad lierent over the hard 
palate and gums and over the greater 
part of the tongue ; less firmly over 
the soft palate, and least over the 
cheeks and lips (except at their free 
edge) and on the floor of the mouth 
and under-surface of the tongiu;. The 
corium is formed of areolar tissue 
bounded by an ill-defined basement- 
by stratified epithelium composed of 



Fk;. 70(). — CoRoNAli SECTION OK TTIE TONOl'K AIIOCT 
THE MIDHLE OK I TS LENOTH LETT HALF SEEN 
FROM HKIUNl). (W. KniUSC.) 

1, papilho oil Uie dorsal surfact‘ ; ‘2, transverse 
nniBcular lihres ; H, septum linguic ; t, genio-j^lossus ; 
5, ranine artery ; (>, inferior lingualis ; 7, liyo-ftlossiis ; 
8, vertical nuiseular fibres ; 0, stylo-”;lossus ; 10, super- 
ficial lingual muscle. 

■membrane, and is covered everywhere 
several layers of cells (fig. 703), but less 



Fio. 707. — Lonoitudinal vertical section of the tonoue. (Arnold.) 

sympliysis of the lower jaw ; d, incisor tooth ; 7/, hyoid lione ; f/.h,, genio hyoid muscle ; 
//, genio-hyo-glosBUS spreading along the whole of the tongue ; fr, transverse muscle ; 
Z .s, superior longitudinal muscle; gl, lingual glands; /, lymphoid crypts; c, epiglottis; 
7, section of the lip and labial glands; o, cut fibres of the orbicularis oris; Lni., levator menti. 


complex in its composition than the epidermis covering the skin. The 
superficial scaly cells are constantly being removed, and mingle with the saliva; 
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their place is taken by other cells which are supplied by mitotic division of the 
cells of the deeper layers, the newly formed cells pushing those previously 
formed towards the surface. In many parts, especially at the back of the mouth, 
leucocytes are found between the epithelium-cells, 

Tlie corium projects everywhere into the stratified epithelium in the form 
of microscopic papillfc (fig. 703), most of which contain vascular loops, while some 
are provich'd with end -bulbs. The papilhe are longer and better marked in the 
mucous membrane at the margins of the lips (hg. 704) than elsewhere. Lymph- 
vessels are also seen within the papilUc ; they pass into a superficial plexus in 



FlO. 708. — PAPlLLAilY SURFACE OP THE TONOUE, WITH THE FAUCES AND TONSILS. 

(Sappey.) 

1, ‘2, circuin vallate papillte ; behind 2, the foramen ciecum; 3, fungiform papilhe ; 1, filiform 
and conical papilhe ; 5, transverse and oblique ranges ; G, mucous glands and lymjihoid follicles 
at the bas(i of the tongue and in the fauces; 7, tonsils ; 8, tip of the epiglottis; 9, median 
glosso-eiiiglottic fold of the frenum epiglottidis. 

the mucous membrane, from whicli the lympli is conveyed by valved vessels seated 
in the submucous tissue. 

Small racemose mucous glands (fig. 705) are found everywhere under the mucous 
membrane. They are named labial, buccal, molar, &c., according to their situation, 
and have the usual structure of such glands (see p. 427). 

THE TONGUE. 

The substance of the tongue is chiefly composed of muscular fibres running in 
difierent directions (figs. 70(3, 707). Many of them are attached to the mucous 
membrane, especially of the dorsal surface and tip. 

Mucous membrane of the tongrue. — The mucous membrane of the tongue 
ros(‘mbles that of the mouth generally, and like that is covered by stratified epi- 
thelium. It is loosely connected with tlic muscular substance on the sides and 
under part, where its surface is smooth ; but is closely attached over the upper 
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surface, which lias a roughened aspect, due to the presence of small projections of 
the membrane, known as the lingual papilke. 

The mucous membrane of the tongue is provided with numerous small glands 
{Imjiial glands), collected principally about the posterior part of its upper surface, 
near the papillae vallatae and foramen Ccocum, into which last the ducts of several 
open. Most of these glands secrete mucus, 
but some of them, especially those which 
open in the trenches around the papillae 
vallatae, and at otlier parts where taste- 
buds occur, yield a serous secretion 
(glands of Ehncr), Other glands are found 
beneath the mucous membrane of the 
borders of the tongue. There is, in par- 
ticular, a group on the under-surface of 
the tongue on each side near the apex 
called the glands of Blandin. They are 
there aggregated into a small oblong- 
mass, out of which several ducts pro- 
ceed and open in a line on the mucous 
membrane. Most of the glands are 
tubulo-racemose. 

The mucous membrane of the tongue, 
especially its posterior part, contains a large amount of lymphoid tissue, which ia 
collected at numerous points into the denser nodular masses known as follicular 
glands, or lymph-follicles. The blood-vessels and lymphatics of this part of the 

membrane are numerous and large, 
but the papilla) on its surface are 
comparatively small, and are com- 



Fi<i. 701). — Vkktical section of circumvallate 

PAPILLA l-’KOM THE CALK. (Ellgclmaiin.) 

25 diameters. 

A, the papilla : B, the surrounding wall. The 
figure shows the nerves (n) of the papilla 
spreading towards the surface, and towards the 
taste-buds imbedded in the epithelium at tin? 
sides ; in the sulcus on the left the duct of a 
gland {(1) is seen to open. 




Fig. 710. — Section op circtimvallate papilla, human. 
The figure includes one side ok the papilla 
and the adjoining part of the vallum. 
(Heitzmann.) Magnified 150 diameters. 

a, epithelium; h, taste-bud ; c, corium with injected 
blood-vessels ; d, gland with duct. 


Fig. 711.— Section of fungiform papilla, 
human, with the ulood-vessels in- 
jected. (Heitzmann.) 

a, epithelium ; corium; c, lymphoid 
tissue ; d, muscular fibres of tongue. 


pletely concealed by the thick superjacent epithelium. The mucous membrane 
here exhibits recesses or crypts (fig. 707, /), either simple or surrounded by smaller 
ones which open into them, as in the tonsils. The walls of these recesses are 
studded with lymph-follicles ; the recesses receive the ducts of many mucous glands. 
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Xilngrual paplllaD. — The lingual papillae found on the anterior two-thirds of 
the tongue (fig. 708) are of three kinds, circiimvallatey funqiform^ and conical. They 
vary both in size and form, but all of them are visible to the naked eye. They 
themselves, like the rest of the mucous membrane of the tongue and mouth gener- 



Pl(J, 712. — A FUNOIKOKM PAPII.T.A 
Wi l l I TIIK Itl.OOl) - VKSSEFS IN- 
JECTED. (Todd uihI Bowimui.) 
artery; vein; c, capillary 
loops of simple pjipilhi* in the iicigh- 
bourliood, covered by the epithelium ; 

capillary loops of the secondary 
papilhe ; c, epithelium. 


ally, are covered with closely set, microscopic 
secondary papillae hidden under the epithelium; 
these correspond with those of the skin, and each 
is occupied by a long loop of capillary blood- 
vessels. 

The circumvallate fa'pillce (fig. 708, i, 2), from 
7 to 1 2 in number, are found at the union of the 
middle and posterior thirds of the tongue, arranged 
in two lateral rows, which run obliquely back- 
wards and inwards towards a median papilla, like 
the limbs of the letter V. Not infrequently there 
are two papillae in the middle line. The circum- 
vallate papillae are situated in cup-like dej^rcssions 
of the mucous membrane ; each has the shape of 
a truncated cone, of which the smaller end is 


attached to the bottom of the cavity, and the broad flattened base appears on the 
surface (fig. 709). In some there is a central depression. The papilla is sur- 
rounded by a circular trench (fossa), around which again is a slight annular elevation 
of the mucous membrane (vallum). The ducts of one or more serous glands open 
into the trench surrounding the papilla (figs. 709, 710, (/). The stratified epithe- 
lium covering the papilla is thick, and completely 


conceals the secondary papilhe which project into 
the epithelium. 

Taste-buds are found forming a zone around the 
sides of these papilhxs and in man and some animals 
upon the opposed wall of the vallum (fig. 710). They 
are described in the parts of this work dealing witli 
sensory nerve-endings (see p. 283 of this volume, and 
Vol. III., Part 11.). 

Tasto-buds are not conQned to the circumvallate papilla?, 
but are found here and there on the fungiform papillso and in 
the interpapillary epithelium of the organ, even on the under- 
surface, at least in the foetus.* They have also been found in 
the hard palate of the foetus and in the lower part] of the 
pharynx. They have occasionally been seen in the upper part 
of the gullet and in the part of the larynx which adjoins the 
pharynx.- They have long been recognised on the laryngeal 
surface of the epiglottis. 

The fiingiforrn papillw, more numerous than the 
last, are small rounded eminences scattered over the 



Fill. 713. ~ Section of two 
FIL lFOltM I'APILL.IC, HUMAN. 


middle and fore part of the dorsum of the tongue (Heitzmann.) 


(fig. 708, 3) ; and, in even greater number and closer 
together, at the apex and near the borders. They 


a, epithelium; b, corium; 
r, lymphoid tissue ; d, muscular 
libres of tongue. 


are easily distinguished in the living tongue owing to 


their deep red colour. Each papilla is narrow at its attachment ; from this point 
it enlarges in a bulbous maimer, the free extremity being rounded (fig. 711). They 


^ Ponzo, Amit. A.nz. xxx. 1907. 

- Idem. Sec also J. G. Wilson, Brain, xxviii. 1905. 
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contain numerous blood-vessels which extend into closely set vascular secondary 
papilte (fig. 712). 

The conical j)apillcD are the most numerous, as well as the smallest. They are 
minute, tapering, or cylindrical prominences, densely set over the greater part of 
the dorsum of the tongue (fig. 708, /), but gradually disappearing towards its base. 
They are arranged in lines diverging from the raphe, at first in an oblique direction, 
parallel with the two ranges of papillae vallatae, but gradually becoming transverse 
towards the tip of the tongue. At the sides they are longer and more slender, 
and their rows are arranged perpendicular to the border of the tongue. 

The microscopic papilla} which occur upon tlie conical papilhe are peculiar 

both in containing a number of elastic fibres, 
and in the character of their epithelial cover- 
ing; this is always very thick and some- 
times forms a separate horny process over 
each secondary papilla, much greater in 
length than the papilla, which it covers 
(fig. 7 13). Over some of the papilhne the horny 
processes split up into a pencil of fine fibres, 
(fig. 714) ; the name ‘ filiform ' has been 
applied to these. 


Fl(i. 715. — 'l’oN(ilJE OF KABlilT, SlIOWlNli THE 
SITUATION OF THE FAFILL/E FOLIAT.E, ]>. 

(Scliiifer.) 

The papillary surface of the tongue is 
abundantly supplied with nerves, some of 
which terminate in end-bulbs, a few in 
tactile corpuscles. In the fungiform papillae 
the nerves are large and numerous ; they 
are still more abundant, and of greater si^e, 
in the circumvallate papilla}, where they are 
chiefly distributed in the neighbourhood of 
the taste-buds (fig. 709). 

The papilhe, besides being the parts chiefly 
concerned in the special sense of taste, also 
possess, in a very acute degree, tactile sensi- 
bility; while the conical papilhe, armed 
with their dense epithelial covering, serve a 
mechanical purpose, in the action of the tongue upon the food, as is well 
illustrated by the greater development that these papill^e attain in many 
carnivorous animals. 

In some animals (e.</. rabbit) there is present on each side of the tongue, nearly opposite 
the ends of the V formed by the line of papilhe valla tie, an oval aggregation of transversely 
placed ridges or lamina) with intervening furrows, which is termed the 'ixipilla foliata (lig. 715, p, p). 




Fig. 714. Two filifokm PArn.L.K, one 

WITH EPITHELIUM AND WITH THE 
Hj.OOD-VKSSEUS IN IECTED, THE OT’HEK 
WITHOUT. (Todd and Bowman.) 
85 diameters. 

the substance of the papilhe 
divided at their in)per extremities into 
secondary papilhe ; a, artery, and o, vein, 
connected by capillary loops ; a, epitlielial 
covering, laminated between the papilhe, 
but extended into hair-like processes, 
/, over the secondary papilhe. 



492 


TEETH 


The ridges are covered with a thick stratified epithelium, and at their sides numerous taste-buds 
are imbedded in this epithelium (fig. 716). There is no definite papilla t’oliata in the human 
tongue, but in a situation similar to that in which the papilla foliata occurs in animals the mucous 
membrane often exhibits a number of low ridges, and is beset with taste-buds.' 

THE TEETH. 

A tooth is usually described as consisting of three portions, viz. one which 
projects above the gums and is named the hodij or crown ; another fixed in the 
alveolus or socket, the root, consisting of a fang or fangs ; and a third, intermediate 
between the oilier two, and, from being usually slightly constricted, named the 
neejx. Tlie, size and form of each of these parts vary in the different kinds of teeth 
(see Vol. IV. of this work). 

The roots of the teeth are accurately fitted to the alveoli of the jaws, in which they 
are implanted. Each alveolus is lined by periosteum (dental 'periosteum, 111,4), 
which also invests the contained tooth as high as the neck, and is blended above 



Fia. 710. — Veutical section op papilv.a foliata of the rahtut, passino across the 

FOLIA. (Ranvier.) 

■p, central lamina of the coriurn ; v, section across a sinus-like vein, which traverses the 
whole length of the folium ; 'p lateral lamina in which the nerve-fibres run ; g, taste-bud ; 
sections of nerve-bundles ; a, serous gland. 

with the dense tissue of the gums. The fangs of all the teeth taper from the cervix 
to the point ; this form, together with their accurate adjustment to the alveolus, 
has the effect of distributing the pressure during use over the whole socket, and of 
preventing it from bearing on the point of the fang, through which the blood- 
vessels and nerves enter. 

On making a section of a tooth, it is found to be hollow within (figs. 717, 718). 
The form of the cavity bears a general resemblance to that of the tooth itself ; it 
occupies the interior of the crown, and extends along each fang, at the point of which 
it opens by a, small orifice. In the incisor teeth the cavity is prolonged above 
into two tapering canals, which proceed one to each corner of the crown ; in the 
bicuspid and molar teeth it advances a short distance into each cusp. In the case 
of a root formed by the blending of two or more fangs, each division has a separate 
canal prolonged to its apex. 

' Oil the phylogenesis and comparative anatomy of the lingual papilhe see B. Haller, Arch. f. mikr. 
Anat. Ixxiv. 1900. 



PULP OF THE TEETH 


493 


The central cavity of a tooth is called the fulp-cavity, because it is occupied 
by a soft, highly vascular, and sensitive substance, called the dental pulp. 
This pulp (fig. 719, P) consists of a jelly-like connective tissue containing cells, 
fine fibres, blood-vessels, and nerves. Many of the fibres appear to be continued 
from processes of the cells : according to Rose they are not collagenous, although 
a few bundles of ordinary collagenous connective-tissue fibres accompany tlie 
blood-vessels and nerves. Near the dentine some of these connective-tissue 



bundles have a radial arrangement.^ 
This is better marked during 
development of tlie dentine, when 
the fibrils extend between the 
su])erficial cells, and are continuous 
with tliose of the })ro-dentine.'^ The 
cells are partly disseminated in the 
matrix, and partly form a stratum 
at the surface of the pulp, where, 
during the formation of dentine, 
they are (4ongatod, somewhat like 
the cells of columna r epithelium (see 
fig. 740, c, p. 508) ; but after the 
dentine is completely formed they 



Fig. 718. • Skctions ok an incisou and 

MOLAR TOOTH. 


l)ecome flattened, like the osteo- 
blasts under the ])eriosteiim of bone. 
These superficial cells {odontoblasts, 
fig. 719, Of/, Of/') send processes into 
tubules in the demtine, to bo after- 
wards noticed, of which more than 
one may come from the same cell. 
The filaments within the tubules 
were first noticed by J. Tomes, and 
are known as Tomes' fibres. The 
arteries and nerves, which are de- 
rived from th(.‘ internal maxillary 
and fifth pair respectively, enter 
by the aperture at the point of 
each fang. The vessels form a 
capillary network beneath the superficial cells, but vsorne may penetrate between 
these to the inner surface of the dentine.*** The nerves end in fine non-medullated 
fibrils, which are distributed abundantly at the surface of the pulp. Here they form 


Fig. 717.— Vertical section of pbemolar of cat. 

(Waldeyer.) Magnified 15 diameters. 

c is placed in the pulp-cavity, opposite the cervix 
or neck of the tooth ; the part above is the crown, that 
below is the root (fang). 1, enamel with radial and 
concentric markings ; 2, dentine with tubules and 
incremental lines ; 3, cement or crusta petrosa, with 
bone corpuscles; 4, dental periosteum; 5, bone of lower 
jaw. 


' StudniiSka, Anat. Anz. xxx. 1907. Korff, Arch. f. mikr. Anat. Ixvii. 1905. 

* For the distribution of blood-vessels sec Lepkowski, Anat. Hefte, viii. 1897 and xvii. 1901. 
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a dense marginal plexus ; from this nerve-fibrils run up between the superficial 
cells into the dentinal tubules. * Lymphatics have been described in the pulp ; 
they also occur in the periodontal membrane.^ 



Fi<i. 119 . — Section acuoss the root of a young tooth showing the puli' in situ. 
(Riise.) Magnified about 200 diameters. 

P, pulp; F, r, veins; .4, ^1, ^4, arterioles ; N, nerve-bundles; Od, columnar odontoblasts 
still depositing dentine; flattened odontoblasts which have ceased to form dentiiui. 



Fig. 720. — Section of a tooth across the crown. (Rauber.) Magnified S) diameters. 

a, dentine, the tubules cut longitudinally; n/, the same cut obliquely; o", the same cut 
across; c, enamel, showing contour lines (5) ; d, d, portions of the pulp-cavity extending into 
the cusps, with the dentine tubes converging horizontally (1). 

The hard part of a tooth is composed of three distinct substances- — viz. the 
proper dental substance, known as ivory or dentine, tlie enamel, and the cement or 

^ Law (Proc. Roy. Soc. Med. i. 15)08) states that ho has succeeded in following fibrils into the 
tubules. Howard Mummery (private communication) has also shown nerve-fibrils passing from the 
marginal plexus into the tubules and has traced them into all parts of the dentine, even close to the 
surface. It is difficult to understand the extreme sensitiveness of dentine, especially when inflamed, 
unless we assume the presence of nerve-fibrils in it. 

“ G. Schweitzer, Arch. f. mikr. Anat. Ixix. 1907 ; Ixxiv. 1909. 
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crusta petrosa (see figs. 717, 720, 721, 722). The dentine constitutes by far the 
larger portion : the enamel is found only upon the exposed part or crown ; the 
cement covers with a thin layer the surface of the fang. 

Dentine. This resembles bone in its aspect and general chemical constitu- 
tion, but is not identical with it in structure. 

The dentine of human teeth is composed of 28 parts per cent, of animal and 72 of earthy 
matter. The former is resolved into gelatin by boiling. The composition of the latter. 



Fig. 721.— Section of a human canine tooth, across the fang. (Sobotta.) 
Magnified 2.7 diameters. 

pulp-cavity ; d, dentine ; gr, its granular layer ; c, cement. 


according to Bibra, is as follows: Phosphate of lime 66-7 per cent., carbonate of lime 3*3, 
phosphate of magnesia and other salts, including a trace of fluoride of calcium, FS. Berzelius 
found 5*3 carbonate of lime. 

Dentine is penetrated throughout by fine tubes {dentine tubules), which, being 
nearly parallel, give it a striated aspect (figs. 721, 722). When a thin section of a 
macerated tooth, prepared by grinding, is viewed under the microscope by trans- 
mitted light, the solid substance, or matrix, is transparent and apparently homo- 
geneous, while the tubes, being (in a dried specimen) filled with air, are dark ; but 
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when seen with reflected light on a dark ground, the latter appear white ; in these 
respects they resemble lacunae and canaliculi of bone. 

The dentine tubules open at their inner ends into the pulp-cavity, which has 
accordingly very numerous minute orifices over the whole surface. They pass in 



Fui. 72-2.— LoNciiTuniNAL section of a molar tootu. (Sobotta.) Magnified 8 diameters: 
p, pulp-cavity; d, dentine ; c, cement; e, enamel. 

a radiating manner through every part of the ivory towards its periphery. In the 
upper part of the crown they have a vertical direction ; towards the sides, and 
in the neck and root, they gradually become oblique, then horizontal, and are finally 
even inclined downwards towards the point of the fang. The tubules describe in 
their course two or three gentle curves (primaru curvatures), and in addition each 
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is twisted throughout its whole length in numerous fine spiral turns, which follow 
more closely one upon another ; these are the secondary curvatures (fig. 723). In 
form a tubule may accordingly be likened to the thread of a corkscrew, stretched 
so that the turns arc drawn far apart and their breadth proportionally diminished 
(Welcker). 

The tubules are only slightly divergent as they pass towards the surface ; and, as 



Fk;. -SEc'rroN of fano;, pakallko io 

TIIK DENTINK T IJ J] T I ,KS ( 1 1 1’ M AN CANJNK). 
(Wiildoyer.) .Aliignilied :’.U0 diainotors. 

1, conK'iit, with large bone laenna* and 
indications of laimhlie ; 2, granular layer of 
Ihu’kinje (interglolnilar spaces); d, denlinal 
tubules. 



Flo. 724. — Sfc'I’ions of dentine tuiu:ees. 
(Fraeiickel.) 

rt, cut across ; />, cut oblitpiely. Magnified 
about J300 diameters. 


they occasionally divide dichotomously, 
at first without being much diminished 
in si^e, they continue to occupy the 
substance of the dentine at almost equal 
distances. Their nearly parallel primary 
curvatures produce, by the manner in 
which they reflect the light, an appearance 
of concentric undulations in the dentine, 
which may be well seen with a low magni- 
fying power {Sclireijers lines). The average 



hho. 725. — Veuticat, sectk'N of the tippeu 

PAur OF AN incisou juoTii. (Ki)lliker.) 

Magnified 7 diameters. 

n, the pulp-cavity ; dentine; c, arched 
incremental lines; d, cement; c, enamel, 
witli bands indicating the direction of the 
ranges of fibres ; J\ coloured lines of the 
enamel. 


diameter of the tubules at their inner and larger end is 0-0055 inm. ; the distance 
between adjacent tubules is commonly about two or three times their width (fig. 723). 
From their sides, numerous exceedingly fine branches are given off, which pene- 
trate the hard intcrtubular substance, where they cither anastomose or terminate 
blindly (fig. 723). These lateral ramuscles are more abundant in the fang. Near 
VOL. II. PART I. K K 
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the periphery of the dentine the tubules, which by division and subdivision have 
become very fine, terminate imperceptibly by free ends. 

The tubules have each a proper wall {sheath of Neumann) independent of the 
intertubular matrix, but intimately adhering to it. By steeping sections of decal- 
cified dentine in strong hydrochloric acid, the matrix is destroyed, and these mem- 
branous walls, which consist of a more resisting material, remain behind. Rose 
states that these sheaths, which arc formed of a material which calcifies either 
late or not at all, anastomose freely, and that it is their anastomoses which have 
been often taken for those of the tubules themselves. 

In the temporary, and sometimes even in the permanent teeth, the tubules 
are constricted at short intervals, so as to present a moniliform character. The 
terminal branches of tubules are occasionally seen to pass on into the cement 
covering the fang, and to communicate with canaliculi proceeding from the bone 
lacunge characteristic of that layer. Tubules have likewise been observed by 
Tomes and otliers penetrating into the 
enamel. In this case they pass, not into 
the enamel prisms, but into the inter- 
prismatic substance (fig. 727). 

The matrix of the dentine {intertuhular 
substance) may, after decalcification, be 
torn into laminae parallel with the internal 
surface of the pulp-cavity, and there- 


a 

Fkj. 727. Section of pakt of the ckown 

Fl(i. 720.— A SMALL POUTION OF THE DENTINE WITH ^ TOOTH, PAUALLEL WITH THE 

iNTEUOLomjLAii SPACES (KiJIllker.) Magnifi(!(l oeneral set of the enamel prisms. 

350 (liametors. (Rauber.) Magnified 200 diameters. 

c, portion of incremental line formed by the a, pointed proj('ction of dentine; 

interglobnlar spaces, which are here filled up by 6, tubules extending from the dentine 

the transparent material used in mounting the into the miamel ; c, enamel-prisms ; r/, prisms 

specimen. cut across; c, cuticle of the enamel. 

fore across the direction of the tubules (Sharpey). It has been shown by v. Ebncr 
and Mummery that the matrix contains fine fibrils arranged for the most part 
parallel to the surface of the pulp, like those of the lamelhe of bone. These fibrils 
are not themselves calcified, but are enveloped in the calcified interfibrillar substance, 
and, according to Mummery, are continuous with, fibrils of the dental pulp. 

The laminated structure is an indication of the deposition of dentinal substance 
in successive strata in the process of formation of the tooth — the laminse corre- 
sponding with the shape of the pulp-surface at successive stages of the process. Not 
infrequently lines, varying in number and breadth, are seen in sections of the dry 
tooth, conforming in direction with the lamination just spoken of {incremental lines, 
Salter, fig. 725, c). They are caused by the drying of imperfectly calcified dentine, 
which shows little cavities bounded by, and therefore receiving their figure from. 
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minute nodules or globules of dentine, and hence named interglohular spaces (fig. 
726, c). The interglohular spaces, and the globules surrounding them, vary in size 
within wide limits. A layer, in which they are very fine — granular layer (fig. 721, gr , ; 
•fig. 723, 2) — is not uncommonly found towards the outer surface of the dentine. 

Snamel. — The enamel is the covering which encrusts and protects the ex- 
posed portion or crown of a tooth (fig. 722). It is the hardest of all the dental 
tissues, but is gradually worn down by protracted use. It is thickest on the grind- 
ing surface and cutting edge of the teeth, and becomes gradually thinner towards 
the neck, where it ceases. 




Bibra found it to contain 96*5 per cent, of earthy constituents, viz. phosphate of limo with 
traces of fluoride of calcium 89*8, carbonate of lime 4*4, phosphate of magnesia and other salts 
1*3, and of animal matter 3*5 per cent. Berzelius gave the 
proportion of carbonate of lime as 8, and of animal matter 
as only 2 iier cent. C. Tomes obtained only the merest 
traces of animal matter from the enamel of adult teeth. 

In the deep part of the enamel minute fissures 
not infrequently exist, which run between clusters of 
the prisms down to the surface of the dentine (fig. 

728) ; other much larger and more evident fissures 
are often observed leading down from the depres- 
sions or crevices between the cusps of the molar and 
premolar teeth. The surface of the enamel is marked 
by fine striations, due to the arrangement of the 
columns or prisms of which the enamel is com- 
posed. Sections of a tooth usually show coloured 
lines in the enamel parallel with the contour of the 
surface of the pulp (figs. 717, 720). These prob- 
ably represent successive layers of deposition of 
the developing enamel. 

The enamel-columns (figs. 728, 729) have the form 
of solid six-sided prisms. Their diameter is ordinarily 
about 0*005 mrn. They are marked by frequent dark 
transverse shadings, which are usually ascribed to 
the existence of shallow constrictions along the fibres. 

Although this may be in part the cause, it is not 
improbable that the transverse markings are partly 
the result of the manner in which the prisms are 
built up in successive stages by the cells which pro- 
duce them, each marking representing the termina- 
tion of a stage. The inner ends of the prisms are 
implanted in minute hexagonal depressions on the 
surface of the dentine ; the outer ends are free, and, 
like the sections of the prisms, have, under a high magnifying power, a tesse- 
lated appearance (fig. 729, B). The prisms are united by a small amount of a 
pibstance which appears similar to the intercellular substance of epithelium, but 
is perhaps calcified. In marsupials and some rodents there are regular canaliculi 
in this interprismatic substance.^ 

After exposure for a short time to the action of an acid, the enamel of newly 
formed or still growing teeth may be broken up, and its structural elements more 
easily distinguished (fig. 729, A). In broken enamel prisms thus treated a longi- 
tudinally striated structure has been described (Annell). 

^ For the cement-substance of enamel and the form of the prisms see Smreker, Arcli. f. inikr. 
Anat. Ixvi. 1905 ; on the structure of enamel see also v. Ebner, ibid. Ixvii. 1905. 



Pi(i. 728 . — Thin section ok the 

ENAMEL AND A I'AUT OK 
IDE DENTINE OK AN UNWORN 
TOOTH. (Kiillikcr.) Magnified 
5350 dianietorfl. 

(ly cuticle of the enann'l ; 
hy enamel-fibres or columns witli 
cross striie ; c, clefts in the enann‘1 
communicating with the extremi- 
ties of some of the dentinal 
tubules ((/). 
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It is further found, on treatment with acid, that a very thin membrane [enayneU 
cuticle, Nasmyth's membrane) entirely covers the outer surface of the enamel of 
unworn teeth (figs. 727, 728). This membrane forms a protective covering to the 
enamel. Chemically it is of a horny nature, and withstands prolonged boiling as 
well as the action of strong acids and most other re-agents. It is formed of short 
flattened prisms, the uncalcified remains of the last formed portions of the enamel 
prisms. After the action of nitrate of silver, it exhibits markings like those seen 
in a pavement-epithelium. 

Cement. — The crusta petrosa or cement is the third hard substance that 
enters into the formation of the teeth. It is a layer of true bone, slightly modified 
in structure, investing that part of the dentine which is not protected by the 
enamel (figs. 721, 722). It covers the whole fang, towards the lower end of which 
it becomes gradually thicker ; it is specially developed at the apex, and along the 
grooves of the compound fangs. As life advances, the cement generally increases 

A 



/ 


Fi(i. 7‘2U. — ENAMEf-'PiusMs. (KJillikor.) 350 cliamotorH. 

A, fra^iTK.Mits and sinj^dt* colnnms of enamel, isolated bv the action of hydrochloric acid. 
B, surface of a Hiiiiill fragment of enamel, showing the hexagonal ends of the prisms. 



in thickness, especially near the point of the fang, where it sometimes blocks up 
the orifice leading to the pulp-cavity. 

The crusta petrosa is lamellar in structure ; it contains lacunte and canaliculi 
resembling those of bone, but larger and more irregular (figs. 723, 1, 730, e). Where 
the cement is very thick it may contain Haversian canals. On the milk-teeth the 
cement is thinner, and contains fewer cells. Perforating and decussating fibres, 
similar to those of ordinary bone, occur in the cement. It is covered externally 
by the dental periosteum (figs. 717, 730), by means of which it is firmly fixed into its 
bony socket. 

Secondary dentine. — Certain varieties of hard tissue arc liable to be formed in the pulp- 
cavity of a tooth after the regular production of the dentine is completed. The chief kinds 
hitherto described are the following ; 

1. Osteodentlne (Owen). — This is a hard substance someAvhat resembling bone in structure, 
which sometimes becomes deposited within the pulp-cavity. It is traversed by canals, which 
contain blood-vessels and pulp-tissue, and which may be surrounded by concentric lamellae like 
the Haversian canals of bone. From these canals numerous tubules radiate, larger than the 
canaliculi of bone, resembling, in this respect, and also in their mode of ramification, the tubes 
of the dentine. The osteodentine may or may not coalesce with the previously formed dentine. 

2. Dentine of repair (Salter). — Opposite places where the outer surface of the dentine 
has become denuded, so that the peripheral ends of the tubules are there exposed, as may 
happen in the crown from injury or wear of the enamel, or at the cervix from continued friction 
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and abrasion of the cement, a deposition of dentinal matter is liable to be formed on the inner 
surface of the dentine, exactly corresponding in position and extent with the area occupied by the 
central ends of the exposed tubules. Many of the affected tubules become subsequently filled 
up by a dej)osit of hard matter within them, so that on section both the secondary dentine and 
the corresponding j^art of the primary dentine appear clearer and more transparent than the 
remainder of the dentinal substance (see fig. 731). 

When the surface-injury has been considerable, the dentine of repair is largely in excess, and 
may in such cases completely fill up the pulp-cavity.- 

Development of the Teeth (figs. 732 to 739).-- -The first trace of the teeth appears 
during the sixth week of intra-uterine life (in embryos of 11 mm. to 12 mm, long) in the form 
of a longitudinal thickening of the epithelium of the mouth along the line of the future jaw. 
The thickening in question is produced by multiplication of the dee])er-lying cells of the 
epithelium, and in some animals, ruminants, is marked by a prominence raised above 
the general level of the epithelial surface (fig. 738). The ectodermic thickening grows into 
the mesoderm as a solid longitudinal strand of cells, at first semi-cylindrical in section, and 



Fro. 780. — Section of the eano ok a tooth sno\\TN(r 

DENTINE AND CEMENT TOGETHER WITH THE DENTAL 

PERIOSTEUM. (Kijse.) Magnified 200 diameters. 

rt, nests of epithelial cells within the dental 
periosteum which are the remains of the epitlielial 
sheath of Hertwig; osteoblasts which have formed the 
cement ; c, lacuna of the cement ; </, granular layer of 
the dentine ; c, dentine. 


d' 



Fia. 781. — Longitudinal sec- 
tion OE INCISOR tooth show- 
ing dentine of repair, 
(Salter.) Slightly magnified. 

d, (l\ denuded surfaces of 
dentine ; /’, r', corresponding 

deposits of secondary dentine. 
Two or tliree incremental lines 
arc observed in tlie dentine. 


lying in a sort of gutter or deep groove formed in the mesoderm to receive it ; there is to begin 
with no indication of the formation of separate teeth. Hie strand in question is the primitive 
dental lamina (fig. 732, it is also known as the ‘ common enamel-germ,’ because part of it 
is concerned in tho production of the enamel of the teeth. But the lamina is not merely a 
dental germ, for before long (embryo of 17 mm., or seventh week) it is found that the originally 
simple strand of cells separates longitudinally into two. One of these, the outer, or labial, 
which dips vertically into tho embryonic jaw, becomes hollowed out from the surface to 
form tho labio-deiital furrow (fig. 733, d././.), and may accordingly be termed the lahio-dental 

^ In animals other kinds of dentine arc found; for a description of these, and other details regarding 
the structure and development of the teeth of vertebrates, the student is referred to special works 
on the subject, such as the ‘ Manual of Dental Anatomy,’ by C. S. Tomes, and the ‘ Histology and 
Patho-histology of the Teeth,’ by A. Hopewell-Smith. 

^ The following account of the development of the teeth is largely based upon the description given 
by Rose in Dental Cosmos. 
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lamina, whilst the other, lingual or inner part, takes first a vertical and then an inward (lingual) 
direction, and is the actual tract of cells in connexion with which the teeth of both dentitions 
subsequently become developed. The name dental lamina, or common dental germ,' should 
therefore be retained for this portion of the original strand of ectoderm-cells. The separation 
of the two strands begins in front and extends gradually backwards : it is not complete until 



Fi(i. 732. — Fiouhes (fkom Rohe’s models) showing four successive stages in the 

DEVEEOPMENT OF THE DENTAL LAMINA AND TOOTH-GERMS OF THE MILK-TEETH OF THE 

UPPER JAW. Only tlie buccal epithelium and the epithelial structures of the tooth-germs 

are represented, and everything is sliown as seen from above, i.e. from the attached surface. 

1. From an embryo 25 mm. long.—d.l., dental lamina; AT., aperture of mouth. 

2. From an embryo 40 mm. long. — Af., mouth ; /./., reverse of labio-dental furrow ; d.l., dental 
lamina; p., mould for jiapilla of milk-canine; mould for papilla of second milk-molar. 

3. From an embryo 115 mm. long. — L,, epithelial layer of upper lip; l.f., reverse of labio- 
dental furrow ; rZ./., dental lamina ; /H.i.*, cihthelial rudiment of first milk-incisor; ni.i.-, m.c.^ 
m.m.', m.nt.-y epithelial rudiments of second milk-incisor and of milk canine, and first and 
second molars respectively. 

4. From an embryo 180 mm. long. — nt.i.', m.i.-, m.c.. as before; rudiment 

of first permanent molar. 

^ ‘ Dental germ ’ should be used instead of the more common expression ‘enamel-germ,’ because the 
cells in question not only form enamel, but ahso determine the extent of the formation of dentine by the 
adjacent mesoderm-cells (see p. 511). 
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the eleventh or twelfth week. The dental lamina, when thus separated from the labio-dental, 
forms a flat band of cells connected by one edge with the epithelium lining the mouth, whilst 
the other, or free edge, projects almost horizontally inwards in the substance of the embryonic 
jaw. Subsequently, however, as the milk-teeth develop, it takes a more vertical direction. 
Over the line of its attachment to the epithelium of the mouth there is a shallow furrow, the 
dental furrow (fig, 73.3, c?./.), which is at first rather outside (or on the labial side of) the most 
Ijrominent part of the jaw, but gradually comes to lie further inwards. At about nine weeks 
(embryo of 2.5 mm.) the border of the dental lamina in each jaw begins to exhibit ten enlarge- 
ments corresponding in situation to the ten milk-teeth. At ten weeks (embryo of 32 mm.) 
these enlargements show a moulding on one of their surfaces (upper in the upper jaw and lower 
in the lower) (fig. 732, 2, p., p.'), and the adjacent mcsoblast fits against this moulded surface 



Eld. l?jo. — 1’ALATINE (dlNCUVAE) SUKFACE OF THE MODEL WHICH IS SHOWN FKOM A150VE IN 

FIG. 7a‘2, a. 

/■’, iv, upper lip; d.L/., labio-deutal furrow; d.f., dental furrow. 

and bceomes difierentiated into the form of a papilla, which very early exhibits the shape' of the 
crown of the future tooth, being simple in the incisors and multiph' in the molars.' I'lie papilla; 
have all appeared by eleven and a-half weeks, and the enlargements of the dental lamina, which 
are now very evident, grow round and gradually invest the ])apilLT at thi'ir sides also. The 
dentine and pulp of the milk-teeth arc formed from these jiapilhe, whilst the enlargements of 
the dental lamina form special denial fjerim for the milk-teeth and furnish their enamel. 

In the meantime the dental lamina has grown further inwards beyond these prominent 
special dental germs, which appear now as ten rounded masses of cells attached to the labial 
side of the flat common dental lamina ‘ like swallows’ nests built against a board ’ (fig. 732, .3) 
and the posterior part of the lamina extends backwards in the substance of the jaw a short 
distance behind the last of the special dental germs for the milk-teeth. This backward extension 
of the dental lamina is only attached indirectly to the buccal epithelium. At about seventeen 
weeks (embryo of 18 centimetres long) it shows another enlargement, which is the special germ 
of the first permanent molar, and, in connexion with this enlargement, the corresponding 

^ lu the canines, liowever, the papilla is at first double, not single. It has been suggested that this, 
is probably an indication of the originally premolar character of these teeth. 
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papilla soon makes its appearance (fig. 732, 4t w*). Boliind this again the dental lamina is con- 
tinued backwards into the gum as a thin flat band of epithelium. About four months after 
birth an enlargement for the second licrmanent molar appears, and the corresponding papilla at 
six months. About the third year the enlargement for the third permanent molar, or wisdom- 
tooth, begins to bo visible in an extension of the dental lamina still further backwards ; its 
papilla is seen about the fifth year. Meanwhile, important changes have been occurring in the 
dental lamina, in the attachments of the special germs to it, and in the special germs themselves. 

The changes in the common dental lamina consist in the formation of numerous excavations 
of irregular size and form, with the result that from a complete flat band of cells it becomes 
partly atrophied and changed into a cribriform tract (fig. 732, and 4 : fig. 735, d.I . ) ; in transverse 
sections of the jaw it appears to be broken up into separate portions (fig. 730). This is, however, 
not really the case, although the lamina is pierced with apertures so as to be almost reticular in 



Fig. 734.— Gingival siiuface of the model which is shown fuom adove in fig. 732, 1. 

i\, palate ; X., upper lip; /.d./., labio-dental furrow; d./., dental furrow; d./., prominence 
caused by dental lamina with its (mlargements. 

character. The change begins in front about the seventeenth week, and gradually extends 
backwards, but the most posterior part is still complete (non-cribriform) at the time of birth, and 
oven for some time after. Moreover, at certain points the reticulation is absent, viz. on the 
lingual side of and sliglitly lateral to the special germ of each milk-tooth ; at these points the 
dental lamina again undergoes a thickening. These thickenings become the special enamel- 
germs for the teeth of succession of the second dentition. In connexion with each one a papilla 
becomes formed in the same way as for the milk-teeth ; but by no means simultaneously, for the 
germs of the permanent incisors and canines are formed, along with their papilla), at about the 
twenty-fourth week (embryo of 30 cm.), whereas the enlargements of the dental lamina which are 
eventually to form the enamel-organs of the first and second prcmolars are not visible until the 
twenty-ninth and thirty-third weeks respectively, and the corresponding papilla) are not formed 
until the tenth and eighteenth months after birth. 

Tho special dental germs arc, as already stated, at first simply enlargements of the common 
germ or lamina which grow out on its inner side. They rapidly increase in size, and arc then 
connected by a broad tract of cells with the common germ. This co7inecting strand gradually 
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gets thinner and flatter, and, like the common dental lamina itself, becomes cribrifprm, so that 
in sections there appear to bo breaches of its continuity. Its connexion, however, with the 
common dental germ, and through this with the buccal epithelium on tho one hand and the germ 
of the corresponding tooth of tho secondary dentition on tho other hand, long persists. As 



Fio. 735 .— Section of skcond miek-incisor of an kmuiiyo 30 cen rniF/ruEs lono. The 
EPITHELIAL SITU'CTUKES ONI.Y ARE UEPHESENTED. (From a model l)y F. Ficise.) 

d/., dental furrow in the buccal epithelium; d./., dental lamina now Ix'conu' cribriform; 
space occupied by the papilla; rf, deutim!; e’//., enamel of the developing tooth; 
cH.o/*., enamel organ, its surl'aci' cribriform; ua?., ameloblasts ; e., reticular tissue; and 
O.C., outer epitlielium of the emimel-orgau 

with the common lamina, the atrophic process begins in connexion with the front teeth, and 
gradually extends backwards, so that at birth th(i connecting bands of the milk-incisors are 
almost completely broken up, w hilst that of the second milk-molar is still iinintcrnijitcd. The 
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Fig. 736. — Sagittal section through the first lower milk-molar of a human emrryo 
80 M.M. LONG. (Kbse.) Magnified 100 diameters. 

labio-dental lamina, here sepai’ated from and well in advance of the dental lamina ; 
rZ.Z., placed over the shallow dental furrow, points to the dental lamina, which is spread out 
below to form the enamel-germ of the future tooth ; bicuspidate papilla, capped by the 
enamel-germ ; iZ.s., condensed tissue forming dental sac ; c., mouth-epithelium. 

common dental lamina and the bands connecting the special dental germs w ith it thus become 
ultimately broken up into separate fragments or islands of dental epithelium of varying size 
and form. Such ‘ islands * are frequently seen in the infant near the surface of the gum, as 
pearl-like masses or nests, the so-called ‘ glands of Serres.’ Normally they have no functional 
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importance, and gradually disappear entirely ; but, abnormally, they may give rise to cysts 
and other new formations, and in some cases fragments of dentine, and even more or less com- 
plete teeth, may become developed in connexion with them. 



Fig. 787.— SniiLAU section through the canine tooth oe an embryo 40 mm. long. 

(Riise.) Magnified 100 diamcierH. 
l.d.f., labio-dental furrow. The other lettering as in fig. 786. 

Kiatogrenetio changres. — The special dental germs are at first masses of 
rounded or polyhedral epithelial cells, but the cells of the outermost layer early show a 



Fig. 788. Section thkougu the germ of 'itie first milk molar of a cow’s focttjs 
47 MM. LONG. (Hose.) Magnified 200 diameters. 

/L, biciispidato papilla; d.s., dental sac; c, nioutli-epithelium ; e', its thickening over the 
dental germ, characteristic of Ruminantia; c/l, enamel epithelium ; s.p.^ enamel-pulp. 

tendency to be columnar (figs.736 to 738). This tendency becomes pronounced as soon 
as the papilla begins to make its appearance, and now, while the cells immediately . 
resting upon the papilla become long, regular, prismatic columns, the central cells of 
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the germ develop processes, fluid being at the same time secreted between them. The 
result is the formation of a reticular tissue, having to the naked eye the appearance 
of a jelly, to which the name of enarnel-pulp has been applied (lig. 739, SP), The 
more peripheral cells do not participate in this change, but remain polyhedral or 
become cubical and flattened {outer enamel- epithelium) ; they pass gradually into the 
long columnar prisms that invest the papilla. These prisms are the cells which 
form the enamel-fibres; they also determine by their presence the production of 
dentine by the superficial cells of the papillh. They are termed the enamel-cells or 
amelohlasts ; they form the membrana adamantince of Purkinje. The whole epithelial 
dental germ thus transformed is known as the enamel-onjan {organon adamantince). 



FkJ. 78‘J. — SkCTION of THK FIKST milk INCISOII of a human EMIIHYO 30 UENTIMETUKS LONfi. 

EkONTAL section THKOCCiH ViOWEli JAW. (liiiso.) 

Div, tooth-pulp ; odontoblasts; o, bone of (ho alveolar process of (ho jaw; c;?, inner 
and outer layers of Lin; einnnol-orj'an ; enannd-pulp; <1 f', di*nial furrow; mouth- 

epithelium; dl, remains of dental lamina; />, c(dl-brid;^oj!, conneetin^^ this with tooth -j^erm ; 
r, reserve germ for the permanent tooth; eu", germ of s(‘cond milk incisor cut oblicpiely. 

These changes begin in the rnilk-incisors at about 14 weeks. At about 20 weeks 
(embryo of 24 cm.) the first traces of calcification are visible in the form of a simul- 
taneous deposit of enamel and of dentine upon the crown of the central incisors. 
The outer enamel-epithelium now begins to grow into the surrounding connec- 
tive tissue in the form of epithelial sprouts, and before long there seem to be breaches 
of continuity between these sj)routs ; but, according to Rose, the enamel-pulp is 
never invaded by vascular connective tissue, as has been sometimes described. 

In the meantime changes have been occurring in the dental papilte. These are 
composed at first of undifferentiated mesoderm ; but their more superficial cells — 
those which are immediately in contact with the columnar epithelium of the special 
dental germs — early become elongated, and by their distal end abut against that 
epithelium, whilst the other end is tapered, and may be branched like the other cells 
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of the embryonic connective tissue. It is from this superficial layer of cells — which 
in sections has a palisade-like appearance — that the dentine becomes gradually 
formed ; its cells have accordingly received the name of odontoblasts. There 
is nothing of the nature of a membrane — the so-called mernhrana freformativa — 
between the adamantoblasts and the odontoblasts, but the two layers are in 
immediate contact. The other cells of the dental papilla become branched con- 
nective-tissue cells, and some connective-tissue fibrils form in the intercellular 
substance ; in this way the dental pulp is developed. 

Meanwhile the whole tooth-germ — papilla and enamel organ — has become in- 
cluded within a vascular membrane of connective tissue which is known as the 
dental sac. 

Formation of dentine. — The odontoblasts, either by secretion or, as some 


think, by direct transformation of 
dentinal matrix ('prodeniine) immedii 
or, if it have more than one cusp, 
then at the apex of each cusp. 
This layer is at first uncalcified 
(fig. 740), and is probably the struc- 
ture which used to be described as a 
membrana preformativa. Although, 
in ordinary preparations, it has a 



Fio. 740. — Section of df.veloping dentine 

FllOM THE INClSOll TOOTH OF A VOUN(i 

KAT. (Schiifcr.) 

a, outer layer of fully formed dentine; 
6, luicalcified matrix, witli one or two 
nodules of caJeareous matter near the calci- 
fied part; r, odontoblasts sending processes 
into the dentine ; r/, pulp. The section is 
stained with carmine, wliicli colours the 
uncalcified matrix, but not the calcified 
part. 


peripheral end of each cell, form a layer 
itely at the surface of the papilla at its apex. 



Fio. 711 . Pakt of a section of devkeopinu 

TOOTH OF PIO. (V. KoliT.) 

n, ameloblasts ; d, fibres of the first formed 
layer of dentine ; o<?, odontoblasts ; p, pulp. 
The fibres of the pulp are seen to be in con- 
tinuity witli tliose which enter into the forma- 
tion of the dentine. 


homogeneous appearance, special modes of preparation and staining show it to be 
composed of collagenous fibrils similar to those which constitute the lamellpeof bone.^ 
These fibrils are in fact continuous between the odontoblasts with the fibrils of the 
dental pulp (fig. 741).*'^ The fibrils in the prodentine are at first vertical to the 
surface of the tooth (v. Korfi's fibrils) ; subsequently others are seen having a 
course nearly parallel to it and across the direction of the tubules. They repre- 
sent the permanent fibrils of the dentine. 

Globules of calcareous matter soon appear in the prodentine. They are at 
first isolated, but by further deposition of lime salts they become more or less 

J V. Ebner, SchafT’8 Handb. d. Zahnheilk, 1890. 

- Mummery, Phil. Trans. 182,1891; v. Korff, Arch. f. mikr. Anat. Ixvii. 1905; Ixix'. 1900; and 
Ergebn. d. Anat. xvii. 1907; Anat. Anz. xxxv. 1910; v. Ebner, Wiener I Sitzungsb. cxv. 1906 and 
Anat. Anz. xxxiv. 1909; Studnib'ka, Anat. Atiz. xxx. 1907; xxxi. 1907; xxxiv. 1909. See also on the 
development of dentine F. T. Paul, Trans. Odont. Soc. 1899. 
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blended into a continuous calcification, which thus forms the first cap of dentine. 
In the meanwhile, the odontoblasts have formed a second layer of uncalcified matrix 
of a similar fibrous structure within the first one, and calcification proceeds in this 
as in the first. In like manner a succession of layers becomes formed, each one 
extending laterally rather farther tlian its predecessor ; thus in teeth where there 
arc at first separate deposits for difierent cusps these become ultimately blended, 
and as each successive layer is calcified its calcareous deposits blend with those 
of the preceding and more superficial layers. In places this blending remains 
incomplete, portions of the dentinal matrix remaining uncalcified between the 
successive layers ; in a macerated tootli tiiese portions get destroyed, and cleft- 
like spaces arise. Since these are bounded by calcified deposit which ]ias been 
originally laid down in globules, they present a knobbed outline, and are known 
as interglobular spaces (see p. 199 and fig. 720). 

As the odontoblasts form the successive layers of dentine in the manner above 
described, they retire gradually towards the centre'. But whilst thus retiring they 



Pro. 742.— Section showing the sTiaicTiRE of the fart of run EXAMEL-oiuiAN which 

T.IES NEXT TO THE DENTINE. (HJ)sO.) 

d, dentine; a, noAvly formed enamel stained black by osmic acid T, Tomes’ processes from 
the ameloblasts, <i ; btr. utf., stratum intermedium of euamel-organ ; y;, branched cells of 
enamel-pulp. 

leave in situ, in the layers of forming dentine, filamentous processes of cell-proto- 
plasm, from which finer side-processes grow out. The dentine matrix becomes 
formed and moulded around these processes, which are thus left within tubes that 
become the dentine tubules, wdiilst the processes of the odontoblasts become the 
fibres of Tomes. The same cell continues to spin out such a filament or filaments 
as long as the formation of dentine continues, each tubule being thus completed in 
its whole length from a single odontoblast. In most cases two or more processes 
are connected at first with each cell, and these coalesce as the cell recedes, the main 
branchings of the dentinal tubules being thus formed. 

As the tooth approaches completion, the other cells of the dental papilla not 
immediately concerned in the formation of dentine become the cells of the dental 
pulp. 

Formation of enamel. — The prismatic fibres composing the enamel of 
the teeth are formed by tlie agency of tliose ends of the ameloblasts that 
abut against the dental papilla. On the inner aspect of each of these cells a 
finely globular deposit occurs (Annell), which stains with osmic acid (figs. 742, 
743, e) and resembles keratin in its extreme resistance to the action of mineral 



Fig. 71v{. — Section of DEVKiiOriNG tooth. (L. Williams.) FliolograpU. 

r, roticnluni or [lulp of enamel-organ; n, anicloblasts ; c, uiiealcified enamel stained black 
by osmic acid ; d, dentine.; od, odontoblasts ; pulp. 

amcloblast extends into it as a tapering fibre (J. Tomes, fig. 742, T). The layer 
is produced simultaneously with or immediately after the first layer of pro- 

dentirub against which it is applied. Before 
long it is converted into a fibrous formatioii 
a (fig. 714, /) : a change reminiscent of the 
proce.ss of keratinisation of the epidermis. 
Presently the fibrous layer thus formed under- 
/ goes calcification, and the first cap of enamel 
is then complete. The ameloblasts next pro- 
duce a second layer of keratin-like material, 
which also undergoes fibrillation, and from 
r this, after calcification, another stratum of 
enamel is formed, and so on.^ As with tlie 
dentine, the formation of enamel appears first 
at the apex of each cusp, so that there arc as 
Fig. 744.— Devklotino enamel show- many caps as cus])s ; these eventuallv become 

SUBSTANCE uHODucED MV THESE bleudcd. 1 lic aiueloblasts gradually retire as 
CELLS, WHICH FORMS THE BASIS OF tlic succossivc lavcrs of eiiamcl are being pro- 

THE ENAMET. PRISMS. (From a plioto- t i 1 .i- i 

graph by Loon Williams.) duccd by them, and tliis rctiral goes on as 

a, portions of tho ameloblasts; long as the formation of enamel continues— 

/, fibrous basis of enamel-prisms ; <■, oal- that is to .say, until the croWU of thc tootll 
cihcd part of enamel. . i i t n i- .. i i 

IS completed. In tlie meantime the enamel - 
pulp gradually diminishes, and eventually almost disappears. The remainder of 
the enamel-organ forms a thin epithelial cap over the crown, but this cap soon 


Fig. 744.— Developing enamel show- 
ing AMELOBLASTS AND THE FIBROUS 
SUBSTANCE PRODUCED BV THESE 
CELLS, WHICH FORMS THE BASIS OF 
THE ENAMETi PRISMS. (From a photo- 
graph by Loon Williams.) 

fl, portions of the nmeloblasts ; 
/, fibrous basis of ouamcl-prisins ; cal- 
cified part of enamel. 


^ J. Leon Williams, Proc. Roy. Soc. lix. 189.7. 
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disappears on the emergence of the tooth beyond the gum. Besides this epithelial 
cap, and underneath it, there is found a very thin membrane, which is more 
persistent, and which covers the crown of the tooth for some little while after 
emergence (fig. 727, e). This is NasmytJis 'inemhraney or the enamel-cuticle (see 
p. 500); according to v. Bruim,it is the last formed keratinous layer of enamel, 
which has remained uncalcified. 

It has usually been considered (Tomes, Waldeycr, and others) that the enamel- prisms are 
formed by direct calcification in situ of the inner ends of the ameloblasts, the outer nucleated 
end growing pari passu with the inner, which has been converted into enamel. But the view 



Fio. 715. Longitddinai- skction or i lowkk paki' 
or A OIIOWINO TOOTH, THE (’llOWX OK WHICH IS 
FORMED, SHOWING I’HE EXTENSION OF THE LAYER OF 
AMEEOBLASTS BEYOND THE CKOWN TO MARK OFF THE 
IHMIT OP FORMATION OF THE DKN ITNE •)!•’ THE ROOT. 

(Hose.) 

P") odontoblii.sts ; </., dentine; cn., eininiel ; 

( 1 ( 1 ., amelobLists, contiuiions below with c/i.sr/i., tlie 
epithelial sheath of Hertwig. 



Fjo. 74(5. — Section similar to that 
SHOWN IN fio. 745, ru t prom a tooth 
MORE ADYANCED IN (iROW'I'H. (Kiise.) 
ejf.sh., epithelial sheath ; rp.'Nh'., rem- 
nants of this, overlyino dentine of fanj' ; 
jj., pulp; odontoblasts; </., dentine. 


stated in the text is probably correct, viz. that the layer of amclolilasts sheds out a substance 
within which calcareous matter is subsequently deposited ; the enamel- prisms being formed 
rather as a secretion from the ameloblasts than by transformation in situ.' 


Formation of cement. — The roots of the teeth begin to be formed shortly 
before the time for the emergence of the crowns beyond the gum, but tliey are 
not completed until long after the crowns have come through. They are deter- 
mined in their form — moulded, as it were — by a growth of the epithelium of tlie 
dental germ, which extends in the form of a fold, the epithelial sheath of Hertwig 
(figs. 745, 746), towards the future apex of each fang (v. Brunn). On the inner 
surface of this sheath odontoblasts form dentine, as in the crown, and thus the root 
is gradually produced. The epithelial sheath becomes gradually atrophied and 

’ See on the development of enamel II. Ganzer, Anat. Anz. xxYiii. 1000. 
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ultimately broken up into isolated portions, which may be seen occasionally, even in 
the adult, as epithelial islands in the connective tissue of the dental periosteum 
(fig. 730 a),^ 

After the formation of the dentine of the root has begun, the vascular tissue of 
the dental sac begins to break through the epithelial sheath near the crown, and 
forms a layer of osteogenic tissue at the surface of the newly deposited dentine.'-^ 
The osteoblasts of this tissue produce layers of true bone, with osteogenic fibres, 
lacuna?, and canaliculi, upon the surface of the dentine of the root ; these layers 
form the cement of the fang. The extreme end of each fang, which is the last 
part to be produced, is formed wholly of cement, for the epithelial sheath which 
determines the formation of dentine never extends quite as far as the permanent 
apex. 

The dental sacs, which enclose the developing teeth before their eruption, are conspicuous 
in the jaws of infants a few months old. They consist of an outer fibrous coat connected with 
the periosteum, and an inner highly vascular coat, with a little jelly-like connective tissue 
between the two. The inner coat is lined by the epithelium of the cnamel-orgaii. The blood- 
vessels are derived partly from the dental arteries which course along the base of the sacs, partly 
from those of the gums. Their extreme vascularity doubtless has relation to the nutrition of the 
enamel-organ. 

At birth calcification of the crowns of all the milk-incisors and canines is fairly advanced. 
The separated cusps of the milk- molars have also blended, and the calcification of the first 
permanent molar is just beginning in the form of separate caps for each cusp, one of which has 
usually appeared at birth, while the others follow shortly after. These, however, do not rim 
together until six months after birth. 

The germs of the permanent incisors and canines are visible to the naked eye at birth, lying 
behind and slightly lateral to the corresponding milk-teeth ; but there is no trace as yet either 
of the premolars or of the second permanent molar. The last mcntioniMl makes its appearance 
between four and six months after birth, the i)ai)illa of the first premolar about the tenth month, 
that of the second premolar about tho eighteenth month. At two years, when the second 
milk-molars are just coming through tho gum, the crown of the first permanent molar is finished, 
but there are still only isolated cusps on the second permanent molar of tho upper jaw, and none 
on the second permanent molar of tho lower jaw. In the premolars also the (two) cusps arc still 
separate at this time. 

The various phases in the formation of the teeth occur almost simultaneously in the corrii- 
sponding teeth of both jaws. 

Formation of the alveoli. — All the tooth-germs are at first included in a common osseous 
trough or groove, which encloses the whole dental lamina and tho adjacent eonricctivo tissm\ 
1’his begins to be formed at about 1 4 weeks (embryo of 11-5 cm.). Bony septa subsequently 
become formed and subdivide the trough into loculi, but even at birth these septa arc incomplete, 
and up to this time, and even later, both the milk-tooth and the corresponding permanent tooth- 
germ are enclosed in the same loculus. As the fangs become developed the loculi deepen and 
also become subdivided to form separate cavities for the teeth of both first and second dentition. 
Around tho milk-teeth they become narrowed to form alveoli which closely invest the roots ; 
bat although tho whole of tho developing tooth is at one time imbedded in the cavity of the 
alveolus, tho bone never completely closes over it, an aperture being always left over the crown, 
through which the dental sac is connected by soft tissues with the surface of the gum. In the 
same wajq when the teeth of the second dentition become invested within alveoli, these always 
have a narrow opening through which the so-called gubcrnaculum dentis, a band of connective 
tissue containing remains of the common dental lamina, passes (fig. 747). 

Development of the permanent teeth. — Ten permanent teeth in each jaw succeed the 
milk-teeth, and six are superadded further back in the jaw. It will be convenient to treat first 
of tho ten anterior teeth or teeth of succession. 

Tho sacs and pulps of these teeth have their foundations laid before birth in tho y/ay already 
described. It will be remembered that behind and lateral to each milk-follicle there is found 

^ C. Tomes lias shown that an epithelial sheath is formed in the same manner, even in the teeth of 
animals {e.g. Taturia) in which the (lental germ produces no enamel at all. 

' In some animals the cinnent of the teeth is preceded by the formation of cartilage, which becomes 
(ossified as in the endochondral formation of hone (Magitot, v. Brunn). According to Magitot, in animals 
such as ruminants, in which the cement eov(*rs the crown, a special cartilaginous ‘cement-organ’ is 
developed for its production. 
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about the sixteenth week a thickening of the common dental lamina (p. 504, and fig. 739, r) ; 
this forms the enamel-germ of the corresponding permanent tooth. There are ten of these in 
each jaw, and they are formed successively from before backwards. They soon elongate and 
recede into the substance of the gum behind the germs of the milk-teeth. In the meantime, a 
papilla is formed at the bottom of each (that for the central incisor appearing first) and the 
germ becomes enclosed within a dental sac ; the sac of the permanent tooth adhering to the 
back of that for the temporary tooth. The bone of the jaw not only forms a loculus for the 
reception of the milk-sac, but ultimately also a small posterior recess or niche for the permanent 
tooth-sao, with which the recess keeps pace in its growth. In the lower jaw, to which our descrip- 
tion may now, for convenience, be confined, the permanent sac is at length fountl at some 
distance below and behind the milk-tooth ; the sac for the permanent tooth soon acquires a 
pear-shape, and is then connected with the gum by a solid pedicle of fibrous tissue (fig. 747, 
I., II., c). The recess in the jaw («') has a similar form, being drawn out into a long canal, 
which opens on the edge of the jaw by an aperture behind the corresponding milk-tooth. The 
permanent tooth is thus separated from the socket of the milk-tooth by a bony partition, which, 
as well as the root of the milk-tooth just above it, becomes absorbed as the crown of the 
permanent tooth rises through the gum. When this absorption has proceeded far enough, the 
milk-tooth becomes loosened and falls out or is removed, and the permanent tooth takes its 
place. The absorption of the dental substance commences at or near the ends of the fangs, 
and proceeds upwards until nothing but the crown remains. The cement is first attacked, then 



The lower parts of the first three figures, which are soiuewliat enlarged, represent sections 
of the lower jaw through the nlvcolus of a temporary incisor Lootli : a, indicates tlie sac of tlio 
permanent tooth ; c, its pedicle; Z/, the sac of the milk-tooth or the milk-tooth itself; a\ b\ 
indicate the bony recess in which the permanent and t(*mporary teeth are lodged, and c\ the 
canal by which that of the former leads to the surface of tlio hon(‘- beliind the alveolus of the 
temporary tooth. The fourth and fifth figures, whi(di are nearly of the natural size, show the 
same relations in a more advanced stage -in IV., previous to the change of teeth ; in V., when 
the milk-tooth lias fallen out and the permanent tooth begins to rise in the jaw ; c, the. orifice of 
the bony canal leading to tlie place of the permanent tooth. 


the dentine ; but the process is similar in the two tissues. The change is not produced merely 
b}" pressure, but, as in the case of the absorption of bone, through the agency of multi-nuclcated 
absorbing cells or osteoclasts, developed at the time, and applied to the surface of the fang.‘ 
The sockets begin to be formed around the neck of the tooth as soon as the crown projects, 
and are formed simultaneously with the developing fangs. 

The six posterior (or su'peradded) permanent teeth—that is, the three permanent molars on 
each side -do not come in the place of other teeth. They arise from successive extensions 
of the common dental lamina carried backwards in the jaw behind the milk-teeth, as follows : 

The part of the common lamina posterior to the last temporary molar long continues unobli- 
terated, and from it there is developed at about the seventeenth week of embryonic life a 
special enamel-germ which forms the rudiment of the first permanent molar (fig. 732, -h m*). 
After a long interval, viz. about the fourth month after birth, the germ for the second permanent 
molar appears in the dental lamina, which is now projecting backwards from the neck of that 
for the first molar. After another long interval, during which the sac of the first permanent 
molar and its contained tooth have acquired great size, and that of the second molar has also 

1 See on the absorption of the fangs of the milk-teeth G. Fischer, Anat. Hefte, xxxviii. 1909. 
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advanced considerably in development, the same changes once more occur and give rise to the 
sac and papilla of the wisdom-tooth (third year). The subsequent development of the permanent 
molar teeth takes place within their sacs just like that of the other teeth. In exceptional in- 
stances, a fourth molar may be formed in like manner in a further backward extension of the 
dental lamina. 

After all the teeth of the second dentition are thus formed, the dental lamina generally ceased 
to form more special enamel- germs, and gradually atrophies in the manner already described. 
But in rare instances a third series of germs make their appearance postero-lateral to the teeth 
of the second dentition, and a third complete series of teeth may result therefrom. 

Calcification begins first in the anterior permanent molar teeth. Its order and periods may 
be thus stated : First molar, one cusp shows calcification at birth, the rest soon after birth ; 
central incisor, lateral incisor, and canine, about six months after birth, the central incisor 
first, the canine last ; bicuspids, two years or more ; second molar, two years ; third molar or 
wisdom-tooth, about twelve years. 

Historical. — The first consistent account of the development of the teeth was given by 
Goodsir {PJdin. Med. and Surg. Journal^ 1838), who described the appearance of a groove in the 
mucous membrane of the jaw, the formation of special depressions in this groove corresponding 
to the milk-teeth, the appearance of papillge within these, the enclosure of the papillae within 
follicles covered by membrane, and finally the time and mode of eruption of the several teeth. 

Goodsir’s results, which, so far as they went, were accurate, were obtained from specimens 
which had been badly preserved, and in which the epithelium, which is now^ regarded as the 
important element in tooth-formation, had become detached in consequence of maceration. 

The views of Goodsir prevailed until 1863, when Kolliker {Gewehelehre) clearly showed the 
important part taken by the ingrowing of the rete mueosum of the epitludium in the formation 
both of the common and of the special enamel-germs. This had been already pointed out by 
Marousen (Bull, de VAcad. de PcHerdbourg, 1849) and by Huxley (in fishes and reptiles, Quar. 
Jour, of Micr. Sci. 1853), but was nevertheless not generally accepted. Kolliker’s results 
were confirmed and extended by the work of VValdeyer, Kollmann, Magitot, C. 8. Tomes, and 
others. Baumo first pointed out the independent origin of the teeth of succession from the 
common dental lamina ; previous observers had followed Kolliker (and Goodsir) in ascribing the 
origin of their germs to the special germs of the milk-teeth. Pouehet and Chabry were the first 
to describe the common origin of the labio-dental furrow and the common dental lamina. Finally, 
the most important details regarding the origin of the human teeth are to be met with in the works 
of Magitot and Legros and of Hose. Hose’s account ' is based upon sections of the jaw of embryos 
of various ages, from which he has constructed models showing several stages of development 
in a strikingly objective form ; figures of some of these models have here been reproduced. 

^ Arch. f. mikr. Anat. xxxviii. 1801. Other papers by Hose, as well as the literature of the subject 
up to 1806, are given in the 10th edition of this work. 



THE SALIVARY GLANDS. 


The salivary glands belong to the class of tubulo-racemose glands, the structure 
of which, as well as the changes undergone by their cells during secretion, has been 
already dealt with at some length (see pp. 421 to 440). It will therefore be only 
necessary here to refer to the special modifications of structure met with in the 
different glands of man and animals. 

The salivary glands proper of man comprise the parotid, which is the largest and is 
entirely serous ; the siibmax illary , which contains both serous and mucous alveoli, 
as well as serous cells in the form of ‘ crescents ’ in the mucous alveoli, and is there- 
fore a mixed gland ; and the suhlirujual, much the smallest of the three, which 
is in man mainly of the mucous type, but contains a certain number of serous 
cells in the otherwise ‘mucous/ alveoli. 



Fig. 718. — Skktcii of a superficial dissection of the face, showing the position of 
THE PAROTID AND SUHMAXILLARY GLANDS. (Allen Thoiiisoii.) Two-fifths natural size. 

p, parotid gland ; p', socia parotidis (a small separato portion of the gland) ; d, the duct of 
Stensen before it perforates the buccinator muscle ; a, transverse facial artery ; n, n, branches 
of the facial nerve emerging from below the gland ; /, the facial artery passing out of a groove 
in the submaxillary gland and ascending on the face ; sm, superficial portion of the sub- 
maxillary gland. 

In animals many differences are found. Thus, in rodents and insectivora the sublingual 
is purely mucous and the submaxillary purely serous; ‘ in the cat and dog the submaxillary is 
of mucous type, but with serous cells (‘ crescent ’ cells) at the periphery of the alveoli ; in 
the dog there are mucous alveoli amongst the serous (R. Heidenhain) ; these also occur in 
the kitten, according to Mctzner, but disappear with growth. The orbital gland of the cat and 
dog, which is closely similar in structure to the submaxillary, is also a mucous gland. This 
gland is placed, as its name implies, in the orbit, and sends its duct to open into the mouth 
on the inner surface of the cheek, near the second upper molar. It contains serous cells in the 
form of crescents.* The orbital (infraorbital) of the rabbit is a serous gland. In the guinea- 
pig Klein ^ described a small mucous gland attached to the parotid and sending its duct into 

^ According to Cohoe these glands in the rabbit are not entirely serous (Amer. Journ. Anat. vi. 1906). 

^ Lavdowsky, Arch. f. mikr. Anat. xiii. 1877. 5 Quart. Journ. Micr. Hci. xxi. 1881. 
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Stensen’s duct. Various authors have noticed that in the parotid of the dog mucous alveoli 
are frequently found amongst the serous alveoli, and this condition has occasionally been seen 
in man.' 

The parotid grland (fig. 748). — The parotid duct {duct of Stensen) opens on 
the inner surface of the cheek opposite the second upper molar-tooth. It is lined by 
long columnar epithelium-cells in two rows, resting on a basement-membrane ; its 
wall is formed outside this by connective tissue and by plain muscle disposed 
circularly. Traced back into the gland the duct branches again and again, its epi- 
thelium becoming short and simple ; the branches finally merge into intraglandular 
ducts {salivary ducts) of uniform diameter, lined by a single layer of wedge-shaped 
columnar cells, set on a basement-membrane, and almost filling the lumen of 
the duct. The cells lining these salivary ducts are in the parotid less distinctly 
striated in their outer zone than those of the submaxillary and sublingual. They 
stain deeply with hijematoxylin and stand out prominently in sections of the gland. 


Fig. 74a. Vrr.w or tmk iiight submaxil* 

LAllY AND HUJlLINOrAF. OI.ANDS FROM TllK 

INSIDE. (Allen Tliomsoii.) 

Fart of the right side of tlic jaw, divided 
from the hdt at tlie symphysis, remains ; the 
tongue and its ninscles liave been removed ; 
and the mucous mcmhraiu* of tlie right side 
lias been dissected off and hooked upwards 
HO as to expose the Huhlingual glands; .v 7 //, 
the larger 8iip(!rlicial part of the submaxillary 
gland; facial artery passing tlirf)ug]i it; 

8 77//, deep portion prolonged on the inner 
side of the rnylo-hyoid muscle 77/ h ; 8 Z, s /', 
sublingual gland ; r/, 7/', duct of Wharton ; 

7/, hyoid bone; 77 , lingual nerve; to the left 
of </', is the siibmaxillary ganglion and the 
chorda tympani nerve. 

The salivary ducts lead into or from the lobules of the gland by narrow inter- 
uiediary or lobular ductules of moderate length. These branch within the lobule 
and finally end in the ultimate lobules, which arc formed of groups of more or less 
spherical alveoli. 

The alveoli of the parotid possess only serous cells. These in the fresh condition 
have a granular aspect ; but the granules become destroyed under the action of 
most fixing reagents, so that in stained preparations they are not seen, having 
iipparently been replaced by clear substance. After secretion the granules are 
few in number, and confined chiefly to the neighbourhood of the lumen. In this 
condition, in stained preparations, the protoplasm, being comparativi'ly free from 
granules, is more deeply coloured than in the resting gland. 

The submaxlllary gpland. — This gland in man has both mucous and serous 
alveoli (fig. 750). The mucous alveoli contain also serous cells, which lie between the 
mucous cells and the basement-membrane, forming crescentic patches (figs. 750, 751, 

^ For tho charactor of the salivjiry glands in domestic animals see llh'ng, Anat. Ilefte, xxvi. 1904 ; 
in the macaque monkey, ihid. xxxiv. 1907. 



Fig. 750. — Human submaxii.daky gland. 

(R. Heideuhain.) 

To the right of the figure is a group of mucous 
alveoli, to the left a group of serous alveoli. 
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752, and 753). The duct of the gland {Wharton'' s duct) opens, on the floor of the 
mouth in front of the attachment of the tongue. Its coats are of the same nature as 
those of Stensen’s duct, but thinner. Like that it divides on reaching the gland, 
and after branching a few times the ducts become of uniform size and are lined 
by a distinctly striated wedge-shaped columnar epithelium, set on a basement- 
membrane {salivary ducts) (fig. 751, d). The serous alveoli (fig. 750) are precisely 
similar in disposition and structure to those of the parotid. The mucous alveoli 
are rather larger and more elongated, the lobular or intermediary duct being 
proportionately narrower ; th(‘ parts of the salivary ducts into which the lobular 
ducts pass are somewhat enlarged. 

The mucous cells are during rest filled with mucin (or mucigen) granules, but with 
most fixing reagents these swell and become indistinct, and the ‘ loaded ^ cells when 
thus altered and stained appear filled by a clear mass pervaded by a fine reticulum of 
protoplasm. The nucleus is pressed flat into the part of the cell which rests upon 



Fig. 751. — Section of submaxillaky, showing the commencement of a duct in the 
ALVEOLI. (Schafer.) Magnified 425 diameters. 

(i, one of the alveoli, several of which are in the section shown grouped around the com- 
mencement of the lobular ductule, (V \ a\ an alveolus, not opened by the section ; h, basement- 
membrane in section; c, interstitial (lonnective tissue of the gland; r/, section of a salivary 
duct lined with characteristically striated columnar cells ; s, crescentic group of darkly stained 
cells at the periphery of an alveolus. 


the basement-membrane. The serous cells of tlie mucous alveoli (really ‘ mixed 
alveoli ’) form, as already stated, crescentic patches between the mucous cells and 
the basement-membrane (‘ crescents ’ of Gianuzzi). These ‘ crescents ’ communi- 
cate with the lumen of the alveolus by secreting canaliculi (figs. 752, 753, d) which 
pass between the mucous cells and ramify amongst the cells forming the crescents 
and even within the individual cells. In the submaxillary of the cat the crescents 
may extend almost round the alveolus. After a prolonged period of secretion, and 
the consequent discharge of mucin from the mucous cells, the latter become smaller 
and more protoplasmic, and in hardened stained preparations more nearly resemble 
the serous cells of the crescents, but the distinction between them is still evident. 

Although the idea that the cells of the ‘ crescents * in mixed alveoli are specifically different 
from the mucous cells is held by most authors, some — e.g. Stohr and Metzner — consider that the 
crescent-cells represent a phase of activity of the mucous cells. In support of this contention 
are quoted the following facta, viz. (1) that in the embryo and young animal the distinction into 
mucous cells and crescent-cells is not seen ; (2) that in the exhausted gland the distinction 
also tends to disappear ; and (.3) that in mucous glands of some animals there appear to be 
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frariHitional forms between the two. But in nearly all cases the dilfcrence is so great in the 
staining of the cells, the appearance of the granules, the position of the cells in the alveoli, 
and the manner in which the secretion of the ‘ crescents ’ is passed (by secretory canaliculi) 
into the lumen, as to render the view that there is a specific difTcrence between the two kinds of 
cell by far the most probable. 

The sublingrual grland. — This giand in man consists of a number of small 
glands which open by several ducts {diicLs of Rivimis), f rom 8 to 20 in number, partly 
into Wharton’s duct, partly independently into the floor of the moutli. Sometimes 
a longer duct — the duct of Bartholin — runs alongside Wharton’s duct, to open near 
its orifice. This conveys the secretion from a part of the gland close to the sub- 
maxillarv, representing the retrolingual of animals (see below). The human sub- 



Fig. 75‘2. — Fkom a section of submaxillary 


(iLANI) OF SHEEP, SHOWING THE PASSAGE OF A 
LOBULAR DUCTULE INTO THE ALVEOLI. (Illmg.) 

a, mucous cells of alveoli ; their nuclei ; c, cells 
of crescents; d, secretory canaliculi; c, basement- 
membrane; /, its basket-cells ; ,< 7 , lumen of duct. 


lingual is a miieous gland without 
distinct serous alveoli, but serous cells 
are found in the form of ci’escents as 
in the mucous alveoli of the sub- 
maxillary (fig. 754). It closely re- 
sembles the subinaxillary of the dog 
in structure. 

In many animals the sublingual is repre- 
sented by two glands, one of which, the 
(jlandula suit in qua I is monostouui t ica —termed 



The magnification in this figure is greater 
than in fig. 751 ; the lettering is the same as in 
that figure. 


by Ranvior the reirolingual gland — lies along Wharton’s duct, and is especially developed 
near the hiliim of the submaxillary gland ; it has its own duct (duct of Bartholin). In the cat 
the retrolingual is mainly composed of mucous alveoli with a thick layer of serous cells next 
to the basement-membrane (fig. 755, b). The other, glandula sublingualis polystoniatica, or 
sublingual proper (very inconspicuous in the dog and cat), communicates with the mouth by 
a number of ducts (ducts of Rivinus), like the sublingual in man. Its alveoli are mucous with 
serous cells at the periphery (fig. 755, a). The sublingual proper appears to be present in most 
animals, while the retrolingual is absent in the rabbit and hare, and in the horse, and is also, 
as above stated, usually unrepresented in man. 

Development of the salivary g^lands. — ^Tho salivary glands, as well as the small 
glands of the buccal mucous membrane, are developed as buds from the deeper layer of the 

^ Arch, de physiol, xviii. 1886. 





Fig. 755.*™Section of submaxileaky {A) and ketkoltngual {B) of cat. (Illiiig.) 
Tho glands are in close juxtajwsition and the section passes through the junction. 


<7, mucous cells; b, their nuclei ; c, serous cells ; rZ, their nuclei ; r, serous cells forming a 
complete ring encircling the mucous cells; J\ alveoli cut near periphery, showing the serous 
cells only ; r/, lumen of alveolus ; //, interstitial connective tissue ; /, section of a salivary duct; 
section of a larger duct. 


the ducts and alveoli of the gland. A cavity soon forms within the at first solid excrescence, 
and this becomes connected with the cavity of the mouth on the one side, and on the other 
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■gra/lually oxtonds into the ramifications. But as long as the gland-substance continues to bo 
iorrned, the growing terminations of the ducts remain solid and bulbous.^ 

The order of development of the salivary glands is subraaxillary, parotid, sublingual.* 
Even at an (;arly stage of the formation of alveoli secretion -granules are visible in the alveolar 
cells, and mucus is found in the ducts. The ‘ crescents ’ are relatively late in making their 
appearance as distinct structures. 

THE PHARYNX AND TONSILS. 

Mucous membrane of the pharynx and fauces. — The mucous numibrano 
of these parts has a smooth, shining, red appearance, and is unprovided with promi- 
nent papillte, althougli microscopic papilla? of the corium project into the epithelium 
where this is stratified. Tt is richly supplied with small raccunose mucous glands, and 
in certain parts, ejj. in the isthmus of the fauces and in the upper or respiratory 
portion of the pharynx, especially near the apertures of the Eustachian tubes and 



Fui, 750 .— Section 'uiimuoii one of tue ciiYrTS of the tonsils, maonified. (Stuhr.) 

c, stratified epithelium of general surface, continued into crypt ; follicles or nodules 
of lymphoid tissue ; oppesitt* each nodule or germ-centre numbers of lymph-cells are passing 
into and througli the epithelium ; .v, .v, masses of cells which have thus escaped from the tonsil 
to mix with tho saliva as salivary corpuscles. 

of the posterior naros, there are large accumulations of lymphoid tissue. In the 
isthmus of the fauces these form the two masses known as the Umsils, The accumu- 
lations in the upper part of the pharynx have been in like manner termed the pJiaryi}- 
(jeal tonsils (pharyngeal adenoids), but the adenoid tissue occurs here in a more 
difiusod condition than in tlie true tonsils.*^ The epithelium is stratified over the 
whole mucous membrane below the level of the soft palate, but above tliat level 
it is for the most part ciliated. The stratified epitliclinm turns over the edge of the 
soft palate and extends a short distance upon its upper or posterior surface. Over 
tlie pharyngeal tonsil the epithelium is also stratified. The distribution of ciliated 

’ (^hievitz, Arch. f. Aiiat. 1885. 

^ H. Motzner, Bor. d. d. pliyaiol. (iosollsch. in Zontr. f. Physiol, xxiii. 11)01). 

Oil the extent of tho plnirvngeal tonsil in the child see J. Symington, Brit. Med, Journ. 
Octobc«r 15, 1010, Jo, 
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epithelium is more extensive in the embryo than after birth. Some of the gland- 
ducts of the lower part of the pharynx are said by Klein to retain their ciliated 
lining throughout life. 

Outside the mueous membrane the wall of the pharynx is composed of fibrous 
tissue, which is attaclied above to the base of the skull. In contact with the 
fibrous wall and partly inserted into it are tlie pharyngeal muscles (cross-striated) ; 
these are described elsewliere in this work (Myology). 

The tonsils are composed of masses of lymphoid tissue arranged around crypt- 
like depressions in the mucous memVmme (tig. 750). These crypts open at the 
surface of the tonsil and tlu're discharge the secretion of mucous glands wliicli open 
into the crypts. The mucus carries with it a large nunil)(*r of leucocytes whicli 
have passed into the crypts from the lymphoid tissue : for, as originally shown by 
Stohr, the cells of this tissue penetrate in large numbers betweei\ the cells of the 
stratified epithelium of the tonsils, and become free at the surface. Occasionally 
this process is accompanied, even in healtli, but much more in the inflamed 



Fi<}. 7 ')?.— Part of a sk( iion of rarrit’s tonsil showing infii/jration of thf, 
EpriHELiuM «Y i-ECCocYTES. (Scliiifor.) Magnified GO diameters. Photograph. 

condition, by a partial disintegration of the epithelium, apparently effected by 
phagocytic cells (tig. 757). The lymphoid tissue shows many ' germ-centres,’ the 
nodular character of the tissue being in this way produced by local multiplication 
of th(‘ lympliocytes. 

The lymphoid tissue of the tonsils and of tlie pharynx generally is richly 
provided with blood-vessels. There are also many lymphatics in its deeper 
layers, • 

^ On the blood-vessels of the lymphoid tissue of the pliarynx and fauces see Alagna, Anat. Anz. xxxii. 
1908. 



THE ALIMENTARY CANAL, 


Tlie alimentary canal from the commencement of the cesopliagiis to the end of 
the rectum is constructed on the same principle, viz. inform of a tube (fig. 758) 
composed of a naiamH coat inside with a inmcnhir coat outside, tlie two being 
united by a quantity of loose connective tissue which has received the name of 
areolar or submucous coat. The stomach and the greater part of the intestines 
are also enclosed within an invagination of the peritoneum, wliich thus furnishes 
a serous coat to tliose viscera. 

The mucous membrane is throughout formed of epithelium and corium, with a layer of plain 
muscular tissue, termed the muscularis rnucosce. next to the submucous coat. The epithelium 
in the (esophagus is of the stratified scaly variety, in the stomach and intestines it is columnar. 
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Fig. 758,--I)iaouam of section of ai.imentahy tube. (Sobotta.) 

n, lumtMi; ry/z/i, glands of mucous membrane; epithelium ; glands in submucosa ; 
vi})t, muscularis mucosiv ; sm, submucous coat; rni, circular muscular layer; /m, longitudinal 
muscular layer ; s, serous coat ; s.v, mesentery ; zy/////, ganglion of plexus mycntericus ; 
gsnij ganglion of plexus submucosus. 

In the (esophagus, as in the mouth and pharynx, small racemose mucous glands lie in and beneath 
the mucous membrane and send their ducts to open at its surface. In the stomach and intestines 
most of the glands are tubules, which open by innumerable mouths on the inner surface and 
are contained within the thickness of the mucous membrane. But in the commencement of 
tho small intestine there are other glands {glands of Brunner) which lie in the submucosa and 
send their ducts from this through tho mucosa to the surface. 

Tho muscular coat in all these parts of the alimentary canal is formed of two layers, an 
outer, with tho bundles of tibres disposed longitudinally, and an inner, somewhat thicker, 
with tho bundles disposed circularly. Between tho two layers is a gaiigliated nervous plexus 
{plexus myenterkus of A uerbach). Another, liner, gaiigliated plexuslics in the submucosa {plexus 
submucosus of Meissner), In tho stomach there is a third incomplete layer of muscular fibres, 
which extends over the enlarged part or fundus, and the fibres of which run obliquely from 
tho (esophageal opening (cardia) downwards and towards tho pyloric part. In the stomach 
and intestines the muscular coat is composed only of plain muscle, but in the upper part of the 
(esophagus the muscular tissue of this coat is cross-striped ; lower down plain muscle- bundles 
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become mixed with the cross-striped ; at the lower end of the tube the tissue is wholly 
formed of plain muscle. 

In a portion of the large intestine (csccum, colon) the longitudinal muscle-layer is thickened 
along the course of three bands, which extend from end to end of this portion of the gut and 
which are somewhat shorter than the rest of the longitudinal fibres. The effect of this is to 
produce puckerings in the wall, which are of a permanent character and give a sacculated 
appearance to the part. 

In the oesophagus, stomach, and large intestine the surface of the mucous membrane is 
smooth, and when these parts are distended they exhibit no folds or prominences on the inner 
surface (other than the puckerings just mentioned as occurring in the colon and its cajcum), 
although when empty the mucous membrane may display the effaceablo foKls known as rugee. 
But in the small intestine the whole of the mucous membrane from the pylorus to the ileoceecal 
valve is beset with fine tongue- or finger-shaped ])rominences known as intestinal villi, and 
a large portion of the small intestine also shows on its inner surface prominent ineffaceable 
transverse folds of the mucous membrane known as ralvulm con ni rentes, themselvt's covered 
by villi. 

THE CESOPHAGUS OR GULLET. 

The walls of the gullet are composed of three coats : viz. an external or nuiscnlar, 
a middle or areolar, and an internal or mucous coat (see accompanying Plate). 
Outside the muscular coat there is a layer of areolar tissue, with well-marked 
elastic hbres. 

The muscular coat consists of an external lotuiltudinal layer (fig. 759, b) 
and an internal circular layer (c). Tliis twofold arrangement of the muscular 
fibres prevails, as just stated, throughout the whole length of the alimentary 
canal ; but the two layers are here much thicker, and more evident than in any 
other part of the alimentary tube, except quite at tlie lower end of the intestine. 
The external or longitudinal fibres are disposed at the commencement of the gullet 
in three bands, one in front and one on each side. The lateral bands are continuous 
above with the inferior constrictor of the pharynx ; the anterior arises from the 
back of the cricoid cartilage at the prominent ridge between the posterior crico- 
arytenoid muscles, and its fibres spread out on each side of the gullet as they descend, 
soon blending with those of the lateral bundles to form a continuous layer around 
the tube. The direction of many of the fibres is at first slightly oblique, but to- 
wards the lower end it is more directly longitudinal. The internal or circular 
fibres are separated above by the fibres of the lateral longitudinal bands from those 
of the inferior constrictor of the pharynx. The rings which they form around the 
tube have a horizontal direction at its upper and lower part, but in the inter- 
vening space are slightly oblique. At the lower end both layers of fibres become 
continuous with the muscular layers of the stomach. 

The muscular coat of the upper end of the cesophagus is of a well-marked re<l 
colour, and consists wholly of striped muscular fibres ; these, as already mentioned, 
are gradually replaced by plain muscular fibres, so that plain fibres arc almost the 
only ones found in the lower half of the tube. A few striped fibres may, however, 
be found even at tlie lower eiid, and in some animals they preponderate through- 
out the whole length of the tube.' 

The longitudinal fibres of the oesophagus are sometimes joined by a broad band of smooth 
muscle, passing from the left pleura, and sometimes also by another from the left bronchus. 
According to Cunningham, the former is almost constantly present, and the latter very 
frecpiently. 

The areolar or submucous coat is placed between the muscular and mucous 
coats, and connects them loosely together. In it are contained the mucous glands 
(fig. 759, h), wliich open on the mucous membrane. 

^ On the arrangement of the muscular fibres of the oisophagus see Coakley, Researches from the 
Loomis Laboratory, Univ. of the City of New York, 1892. 
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The mucous membrane is of firm texture, and is paler in colour than that of 
the pharynx or stomach. From its loose connexions its outer surface is freely 
movable on the muscular tunic ; and under ordinary circumstances the mucous 
lining is thrown into longitudinal folds or rugae, which are in mutual contact. These 
folds disappear on distension of the canal. 

Microscopic papillae (/) are seen upon tlie corium ; they project into and are 
(jovered by the stratified scaly epithelium. In the embryo for a certain period 
the a'sophagus is lined by columnar ciliated epithelium (Neumann), patches of 
which may persist even to the time of birth (Klein). 

The small compound racemose or tubulo-racernose glands, named oesophageal 
glands, which [ire for the most part seated in the submucous tissue, are specially 
numerous at the lower end of the tube. A few of the smallest are situated in the 



Fig. 751 ). -Section of the human 
(K soFHAGiis. (From a drawing by 
V. Horsley.) Moderately magiiitied. 

The section is transverse, and from 
near the middle of tin' gullet, o, fibrous 
covering; 5, divided fibres of the longi- 
tudinal muscular coat; c, transverse 
muscular fibres ; d, submucous or areolar 
layer; e, muscularia rnucosje ; /, mucous 
membrane, with vessels and part of a 
lymphoid nodule ; (j, laminated epithelial 
lining; h, mucous gland; /, gland duct; 
striated muscular fibres cut across. 


substance of the mucous membrane. The 
cells of these glands are columnar. Their 
ducts arc usually surrounded by collections 
of lymphoid tissue as they pass through the 
mucou s me m bra ne . 

The mucous membrane is bounded next 
to th(‘. submucous coat by longitudinally 
disposed plain muscular fibres, which, imper- 
fect above, form a continuous layer towards 
tlie lower end of the tube (ynnscularis 
nmeosw, c). 
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Fig. 700.— Ending of nkhvk-fibrils in strati- 
fied EPITHELIUM OF (ESOPHAGUS OF RABBIT. 
((J. Retziua.) 

( 7 >,opithelium ; c, corium; u, a nerve-fibre passing 
from the corium to the epidermis and there ending 
in an arborisation of varicose fibrils. 


Vessels and nerves. — The blood-vessels have for the most part a longi- 
tudinal arrangement. There are separate networks for the mucous membrane, 
musciilaris nuicosie and muscular coat, and the glands and fat lobules which 
are met with in the submucosa have each their capillary plexus. Lynephatics are 
found in both the submucous and mucous coats, those of the latter commenc- 
ing as in the mouth and pharynx within the papillce. A small amount of lymphoid 
tissue is also present, and may be accumulated into lymphoid nodules, especially 
in the neighbourhood of the ducts of the mucous glands.^ Both here and in the 

^ M. Flcsch, Anat. Anz. iii. 1888; Dobrowolski, Ziegler’s Beitr. xvi. 1894. 
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pharynx the alveoli of the mucous glands are invested by sinus-like lymphatic 
vessels (Kidd). The nerves form a gangliated plexus between the two layers of the 
muscular coat, as in other parts of the alimentary canal, but it is here characterised 
by the comparatively large size of the groups of ganglion-cells and of the cells them- 
selves, and also by the fact that it contains, besides non-medullated fibres, a con- 
siderable number of inedullated nerve-fibres (derived from the vagi) and distri- 
buted in terminal arborisations (motor end-organs) in the striped muscular fibres 
(Ranvier). The non-medullated fibres are distributed chiefly to the plain muscular 
tissue. There is also a gangliated plexus in the 


sub-mucous tissue, from which fibres pass to the 
glands, and to the rnuscularis mucosa', whilst 
others penetrate between the deeper layers of the 
stratified epithelium and end in an open arborisa- 
tion of varicose fibrils between the cells (fig. 760).* 

THE STOMACH. 

The stomach has four coats, named, in order 
from without inwards, tlu* serous, muscular, areolar 
or submucous, and mucous tunics (fig. 761). 

The external or serous coat (.s), derived 



from the peritoneum, is a thin, smooth, trans- 
parent, and elastic membrane, which closely cov(‘rs 
the entire viscus, excepting along its two curva- 
tures, and a small area near the cardiac end. 
Along the line of these curvatures the attachment 
is looser, leaving an interval occupi('d by the larger 
blood-vessels. 

The second, or muscular coat, is composed 
of plain imiscular tissue, forming three sets of 
fibres, disposed in layers, and named, from their 
direction, the longitudinal, tlie circular, and ihc 
oblique fibres. 

The first or outermost layer consists of tlu*. longi- 
tudinal fibres (fig. 761, l.in,, fig. 762, A), whicli are 
in direct continuity with those of the a*sopha.gu8. 
They spread out in a radiating manner from the 
cardiac orifice, and are found in greatest abun- 
dance along the curvatures, especially tlie lesser 
one. On the anterior and posterior surfaces they 
are very thinly scattered, or scarcely to be found, 
but towards the pylorus are well marked and form 
a thick uniform layer, wliicli, passing over the 
pylorus, becomes continuous with the longitudinal 
fibres of the duodenum. 

The second set consists of the circular fibres 
(fig. 761, c.m., fig. 762, B), whicli form a complete 
layer over the whole extent of the stomacli. 



Kl(r 7t)l. — SK iTION TMH()U(ill TIIK 

COATS OF TllH STOMACH. l)ia- 

gramiiiatic. (Mall.) 

))>., mucous lucml^raiic ; c., cpi- 
tlicliuiu; (I, orifice of gland-duct; 

muscularis imicosM- ; sub- 
mucous coat; C.//0, circular muscular 
layer ; /.no, longitudinal muscular 
layer ; serous coat. 

They commence by small and 


thinly scattered rings at the extremity of the great cul-de-sac, describe larger 


and larger circles as they surround the body of the stomach at right-angles to its 


curved axis, and towards the pyloric cud again form smaller rings, and at the 


same time become much thicker and stronger than at any other point. At the 


G. Retzius, Biol. Uiiters. iv. 1892. 
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pylorus itself tliey are gathered into a thick bundle, which forms, within a circular 
fold of mucous membrane, a well-marked projection — the pyloric sphincter. Some 



of the circular fibres appear 
to be continued from those 
of the oesophagus, spread- 
ing from its right side. 

The innermost muscu- 
lar layer is incomplete, and 
consists of rhe oblique fibres 
(fig. 762, C). These are 
continuous with the cir- 
cular fibres of the gullet, 
on the left of the cardiac 
orifice, where they form 
a considerable stratum ; 



from that place they de- 
scend obliquely upon the 
anterior and posterior sur- 
faces of the stomach, where 
they spread out from one 
another, and, taking the 
dire(*tion of the cinmlar 
fibres, gradually disappear 
amongst these on the 
greater curvature. 

Idle submucous coat 
connects the muscular and 
mucous coats (fig. 761, 
sm.). It consists of areolar 
tissue, in which occasional 



fat -cel Is may be found ; 
it is the seat of division 
and passage of the blood- 
vessels a,nd contains a 
plexus of lymph-vessels 
and a gangliated nerv^ous 
plexus. 

The internal coat or 
mucous membrane is a 

smooth, soft, rather thick 
and pulpy membrane, 
which during life and im- 
mediately after death has 


Fig. Sketch of the akranuement of the fibres ix the muscular coat op the 
STOMACH. (Alloii Thomson.) One-third natural size. 

A, external layer of longitudinal fibres, as seen from the outside ; B, middle layer of circular fibres 
as seen on removing the longitudinal layer; C, oblique fibres exposed by removing some of the fibres of 
the circular layer, the cut edges of which are seen below the small curvature. 

r, the cardiac end ; py the iiyloric end. In A are shown the stronger longitudinal fibres passing 
along the small and large curvatures, and all round the pjloric end, and radiating from the end of the 
gullet over the front (and back) of the stomach ; in B, the nearly uniform layer of circular fibres, in two 
sets crossing each other obliquely at o, and at the cardiac end becoming concentric to the centre of the 
great cul-de-sac ; in C, tlie oblique fibres, oby ob\ which form a coutinuatioii of the circular fibres of 
the gullet (O’), and spreatl from the left side of the cardia, gradually merging into the deeper circular 
fibres, witli which finally they entirely blend. 
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generally a somewhat pink hue owing to the blood in its capillary vessels. In 
infancy the vascular redness is more marked. 

The mucous membrane is thickest in the pyloric region, and thinnest in the 
great cul-de-sac. It always becomes thinner in old age. 


It is connected with the muscular coat by means of the intervening submucous 
layer so loosely as to allow of considerable movement or displacement. In con- 
sequence of this, and of the want of elasticity of the mucous membrane, the internal 
surface of the stomach, when that organ is in an empty or contracted state, is 
thrown into numerous convoluted ridges, ruijcv, which are produced bvtlie wrinkling 
of the mucous together with the areolar coat, and arc entirely obliterated by dis- 
tension of the stomach. These folds are most evident along the greater curvature, 



and have a general longitudi- 
nal direction. 

On close examination of 
the gastric mucous membrane 
with the aid of a simple lens, 
it is seen to be marked 
throughout, but more plainly 
towards the pyloric extremit y, 
with small depressions, which 
hav(^ a ]'>olygonal figure, and 
vary from about 012 to 0*25 
mm. across, being larger and 



Fig. 70-1. Epitiiklium op thk huu- 

PACK OF T»1K STOMACH KXAMINKD 

FJtKsa. (U. Hcidciihaiii.) Highly 
magnified. 

more oblong near the pylorus. 
They are the enlarged mouths 
or ducts of the tubular glands 
with w]ii(‘h the mucous mem- 
brane of the stomach is beset 


Fia. 703. — Section of the junction of the (esophac.kai. (fig. 761). Towards the pyloric 


AND OASTUIC MUCOUS MEMHKANK OF THE KANOAHOO. 

(Schilfer and Williams.) Magnified 185 diameters. 

•S', stratified epithelium of (esopliagus abruptly discontinued 
at S'; c, columnar epitlielium of gastric mucous membrane ; 
dy orifices or ducts of glands of the cardia; m, corium of 
oesoplhageal mucous membrane sending papillie into the 
epithelium ; //f, corium of gastric mucous membrane. 


region of the stomach these 
depressions are larger and 
deeper, and in vertical section 
their margins appear elevated 
into pointed processes, whicli 
have a resemblance to rudi- 


mentary villi, but true villi exist only in the small intestine, and make their 
appearance in the duodenum, immediately beyond the pylorus. 

Surface epithelium. — The thick stratified epithelium of tlie oesophagus 
passes abruptly at the cardia into a simple layer of columnar epithelium, which 
completely covers the inner surface of the stomach, and extends to a variable 
distance into the mouths of the gastric glands. The transition of the stratified 
into the columnar epithelium occurs quite suddenly, the lowermost columnar cells 
of the stratified epithelium passing into the single columnar layer of the gastric 
surface, and all the other layers of the stratified epithelium ceasing abruptly (fig. 763). 
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The epithelial cells of the surface of the stomach (fig. 764) differ in some respects 
from the columnar epithelium of the intestine. They are more elongated in form, and 
in inactive conditions of the organ they exhibit two parts, the attached end of the 
cell being granular, the free part — that turned towards the cavity of the organ — 
occupied by a clear, muco-albuminous substance (mucigen). There is no distinct 
striated border as in the intestinal cells. The clear substance swells and is dis- 
charged from the cell during digestion, leaving empty the part of the cell which 
contained it ; a similar change is produced by water and various other re-agents. 
The cells arc in fact all mucus-secreting cells (goblet -cells). According to Carlier 
they are connected laterally by protoplasmic bridges. Between the smaller ends 
of these cells, small round or oval cells occur, sometimes in nests (Watney). 

Glands. — As was first shown by Sprott Boyd, the surface of the mucous 



Fi(i. 705. — Section oe human stomach nkau the caiihia. (v. Ebner, after J. Schaffer.) 

Magnified 45 diameters. 

r, cardiac glands ; d, their ducts; cy, glands similar to crypts of Lieberkiihn, with goblet- 
cells ; nuny mucous membrane; ///, museularis mucosai ; //t', muscular tissiu; within mucous 
memljraue. 

membrane of the stomach is dotted with small round apertun's, which are the 
openings of minute ghindular tubules, placed perpendicularly to the surface. On 
making a vertical section of the membrane, and submitting it to microscopic ex- 
amination, it is seen to coiivsist almost entirely of these small tubules, arranged 
parallel with each other (fig. 7G1). Each moutli or duct, together with the tubules 
which open into it, constitutes a gastric gland. 

Borne of the glands may be simple, consisting of a single tubule througbout, but 
most are cleft into two or three tubules, or even, by the branching of tliese, into 
four or six. The glands have externally a basement-membrane, composed of 
flattened cells joined edge to edge ; these cells have processes wbicli on the one side 
join the retiforni tissue of the mucous membrane, and on tlie other side, more 
delicate, extend in amongst and support the enclosed epithelium-cells. 

Three kinds of glands are distinguishable in the nuicous jiiembrane of the 
stomach: they are, respectively, the glands of the card ia, the glands of the fundus , 
and the glands of the pyloric canal. 
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The gastric glands have certain features in common. They are all tubular and 
confined to the mucous membrane proper, except close to the pylorus, where they 
pierce the musodaris mucosae (here imperfect) and extend into the submucous 
tissue (fig. 798), passing by gradual transition into the glands of Brunner of the 
duodenum. In man and most animals each gastric gland is formed, as just men- 
tioned, of secreting tubules which commence blindly near the muscularis mucosae, 
and, running parallel with one another, open into the enlarged mouth or duct of 
the gland. In the horse Zimmermann finds that the secreting tubules of the 
same gland may anastomose.* The mouth or duct appears as a wide depression 



Flu. 706. — A PYLOHIC GLAND, PKOM A SKCTION 
OF THK dog’s stomach. (Ebstciii.) 

///, mouth ; n, neck ; /r, a deep portion of 
a tubule cut transversely. 



Fig. 707. — A fundus-gland of simplk form, 
FROM TIM-: rat’s STOMACH. Osmic-acid 
preparation. (Langley.) Magnified 420 
diameters. 

c, columnar epithelium of the surface; 
neck of tht; gland with central and pari- 
etal cells ; /', base or fundus occupied only by 
central cells, which exhibit granules accu- 
mulated towards the lumen of the gland. 


of the general surface (see p. 527), and is lined by epithelium similar to that of 
the surface (goblet-cells). 

The grlands of the cardia (fig. 765) are found in man in a zone which may 
extend to 3 cm., from the cardiac orifice, but is usually very small. They are 
either simple or compound. Those of simple type have somewhat enlarged blind ex- 
tremities and short mouths, and the secreting tubules are lined by a moderately high 
columnar epithelium somewhat like that of the pyloric glands ; the cells being filled 
with fine granules. Those of the compound or tubulo-racemose type are somewhat 
similar in structure to the glands of Brunner of the duodenum. Their cells are clear 
and columnar. According to Bensley they are partly mucus-secreting, and partly 
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contain zymogen-granules : the zymogen (pepsin) secreting tubules may also 
show parietal colls. Such glands as Bensley describes belong, however, to the 



Fid. 7()S. A ki:ni)Us (jland Fiu):\r the ixxi’s sroMAcii. 
(Kloin and Noble Smith.) 

(/, duct or month of the gland ; 6, base or fundus of one 
of its tubules. On the right the base of a tubule more 
higldy magnified ; c, central cell ; p, parietal cell. 


same category as the glands 
of the fundus (see below). The 
true cardiac glands have no 
parietal cells, and according to 
the observations of Haane and 
of Ellenberger and Hofmeister 
(in the pig) these glands do not 
yield pepsin, but an amylolytic 



l<’ld. HW). A OASTKK (iLANO: THE 
LUMEN SHOWN BY UHllOMATE OF 
siLVEit. (F. Miiller.) 

The cells are not re})resented, hut the 
extension of the lumen into the network 
surrounding the paritdal cells is well 
shown. 

ferment. Schaffer has described 
similar glands in the lowest part 
of the tt^sophagus of man. 

The glands of the cardia were first 
described by Schafer and Williams 
(Proc. Zool. Soc. 1876) in the kan- 
garoo, where they arc simple tubules ; 
subsequently by Ellenberger in a 
number of animals. 


The secreting tubules of the pyloric grlands (fig. 766) are occupied during 
rest by finely granular cells ; the granules largely disappear during active secretion. 





» % 



Section of mucous membrane of fundus of dog^s stomach, passing across 
the direction of the oxyntic glands. Haematoxylin-eosin. 
Magnified 250 diameters. (Schafer.) 

The section is somewhat oblique and shows at the upper part of the 
figure the ducts or mouths of the glands cut across and at the lower part 
the secreting tubules with central or chief and parietal or oxyntic cells; 
the latter coloured by eosin. The tubules are somewhat separated from 
the interglandular tissue as the result of shrinkage. 
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These cells yield pepsin, but none of the acid of the gastric juice. Amongst the 
ordinary cells of these glands some are here and there found which stain with 
osmic acid much more deeply than the rest. The nature and function of these 
cells, which were described by Nussbaum, is not known. They are not identical 
with the parietal cells of the fundus-glands. Occasionally, true parietal cells 
have been noticed in the pyloric glands and even in Brunner's glands in the 
duodenum. 

The g^landB of the fundus (hgs. 707, 708, and accompanving Plate), which 
are found over the whole extent of the mucous membrane except in the pyloric 
canal and in a. zone quite close to the cardiac orifice, possess in their secreting 


tubules two kinds of gland-cells. In a cross- 



Fiu. 770. — Pakt of 'I'i;iu;lk of a 
FUNDUS GLAND OF TIIF STOMACH, 
WITH TUF. lillMEN AND SFCKK- 
TOKY CANALICULT STAINED; THE 


section of a tubule, those of the one kind, 
wedge-shaped and more or less tilled with very 
distinct granules, are seen to lie next to tin' 
lumen of the tube ; tlie cells of the other kind, 
large, oval, and very hin^ly granular, lie l)otwcen 



DkJ. 771. — (-’UOSS-SKt"noN of FI NDFS OI-ANDS KJIOM THE 
JIFMAN STOMACH, SHo\VTN(i THE COXDI'I'ION OF I HE CEJ.LK 
DLiKiN(} FASTiN(f. (Bohni iiiul v. 1 liividofF. ) 

500 aiaivuaorg. 

c, central cell ; /, lunK'n of Ldtiiid ; p, j)arietiil cell ; 
/, connectiv(‘ tissue between glands. 


these and the basement-membrane, which is 
generally bulged out by tliem. From this 
dilTerencc of relative position the cells have 
been termed respectively tlie central and the 
'parietal cells. They are also known as tlie 
chief cells (ifauptzellen) and the superadded 
r supposed functions, the ^^eqmn-jorynin'j and 
the acid-jorming cells.' The secretion of the piiriotal cells, which are separated 
from the lumen of the tubule by the central cells, is conveyed away by exten- 
sions of the gland-lumen in the form of ramifviiisz secretory canaliculi (figs. 769, 
770). The parietal cells are most numerous near the part of the secreting tubule 
which opens into the duct of the gland. Sometimes they occur in the duct itself 
(see accompanying Plate), or even under the epithelium of the general surface of 
the stomach. 


Gfl^AND-CELLS AKK ALSO SHOWN. 

(Zimmermaiiu.) Highly inagni- 
iietl. 

c, cliiof or central ccIIm ; p, parietal 
cells ; /, lumen of tubule prolonged 
into arborescent ctinaliculi which 
penetrate into the parietal cells. 


cdls (Belcgzellen) ; or, from th 


Oxyntic cells (Langley), from o^vs, acid. 


mm 2 
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In some animals (porpoise, pig) the parietal cells lie each in a special pit formed by base- 
ment-membrane, communicating with the rest of the gland only by a narrow orifice. In the 
glandular stomach of birds they line secondary tubules which lead out of the main tube, 
this alone being lined by chief cells. In the frog and other amphibia the fundus glands have 
only parietal (oxyntic) cells, the chief cells being altogether absent, but glands containing 
cells similar in appearance and function to the chief cells of the stomach are found in the 
oesophagus. 

Various observers have noted the occasional presence of leucocytes within the cytoplasm of 
the parietal cells. Harms ‘ has described mitoses in some of the cells of the fundus glands 
(both central and parietal) of the (wrowinjr) mouse. 

During the functional activity of the stomach the cells of the gastric glands undergo changes 
which are strictly comparable to those describexl as occurring in the cells of the serous salivary 
glands. In the intervals of digestion the principal cells of the cardiac glands are enlarged and 
almost fill the lumen of the tubule. In this so-called ‘ resting ’ or ‘ loaded ’ condition they 
are in some animals granular throughout, while in others there is a small outer zone clear of 
granules. They become smaller and distinctly differentiated into two zones during activity, 
some of the granules being dissolved and discharged along with the secretion, the rest 
tending towards the lumen of the gland so as to leave the outer part of each cell clear of 



Fiu. 772 .~Ckoss-section or funoiis-clands from the human stomach, showino the 
cONHiTioN OP THE ('ELLS DUHiNO DIGESTION, (Biilim iviul V. Diividoff.) Magnified 500 
diauKiters, — - 

(Kefercnces as in fig. 771.) 

granules (fig. 707). After digestion has ceased the outer parts of the colls become again 
partially or wholly occupied by granules (Langley). Changes of a similar nature have also 
boon seen by Langley and Sewall in the pepsin-forming oesophageal glands of the frog and 
newt — even in the living condition. On the other hand the parietal cells of the fundus 
glands are smaller during fasting, when they are angular in form (fig. 771). During digestion 
they become enlarged and more spheroidal, bulging out the tunica propria of the glands 
<fig. 772). 

R. Heidenhain stated that the central cells and the parietal cells of mammals undergo a 
similar change during digestion, both becoming at first enlarged and subsequently shrinking 
to less than their volume during rest. He found these changes to occur later in the parietal 
than in the central cells. An enlargement of the central cells during the period of activity 
seems, however, not to take place ; according to most recent authorities the parietal cells 
alone show such enlargement. 

The secreting cells of the pyloric glands undergo changes similar to those of the central 
colls of the fundus glands, becoming smaller with secretion. 

^ Anat. Hefte, xli, 11)10. 
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Besides the three above-described types of gland, in certain parts of the human stomach 
true crypts of Lieberkiihn occur (Schaffer), similar in all respects to those of the small intestine, 
and like these lined by typical columnar cells with striated border and with occasional goblet- 
cells between. The deepest cells also exhibit granules similar to those described by Paneth in 
the intestinal glands (Jouvenal). These crypts of Lieberkiihn are most numerous in a zone 
which lies between the area occupied by fundus glands and that occupied by pyloric glands, 
especially on the greater curvature. They are, however, found scattered amongst the glands 
both of the pyloric region and of the fundus, especially near the zone in question : a few 
occur quite close to the pylorus and to the cardia (hg. 705, cr). Where they arc present the 
surface epithelium is also of the intestinal type. 

aSuBcularlB muooBae. — Between the glands and at their base the mucous 
membrane consists of delicate connective tissue with retiform lymphoid tissue in 



Flu. 773. — Section tuhoeuh the stom.ich to show the ahuanuemknt oi rin: puinltpai. 

BLOOD-VESSELS IN UELATioN TO ITS cuATS. Diagramiiiaiic. (F. P. Mall.) 

On tho right side of the figuro the glandular and muscular elomenta are sliown ; on the left 
only the blood-vessels. It will be seen that the principal vessels are in the submucous tissue, 
and that from these, branches are distributed to the mucous membrane and to the muscular 
coat. For explanation of lettering see fig. 701. 

small amount. Externally a thin layer of plain muscular tissue [muscularis mucosce, 
fig. 773, /n.m.) bounds the mucous membrane, and separates it from the submucous 
tissue. It consists of two strata (an outer longitudinal and an inner circular), and 
is better marked in some animals than in man. Offsets pass from it between the 
gastric glands towards the surface of the mucous membrane. 
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Ziymphoid tissue of mucous membrane. — The stomachs of young persons 
sometimes present a mamillated aspect, due to little elevations of the surface, 
produced by local accumulations of lymphoid tissue, somewhat resembling the 
solitary follicles of the intestine. These lymphoid accumulations, which are most 
numerous near the junction of the stomach and small intestine (Watney), an* 
situated amongst the glands, and do not extend into the submucous tissue ; they 
are not so distinctly circumscribed as those of the intestine, but fade off into the 
surrounding ret i form tissue. They vary in development in different individuals, 
and are sometimes not found. 

Vessels and nerves. — The stomach is a highly vascular organ. Its arteries, 
derived from all three divisions of the coeliac axis, are conveyed to it between the 
folds of the peritoneum, and form, by anastomosis, two principal arterial arches, 
which are placed along its two curvatures. The branches of these pass through the 
muscular coat (to wdiich they give off some arterioles) into the submucous ar(‘olar 


Via. 774 . — ni..\N’ OF THE HLOOD- 
VESSELS OF THE MUCOUS MEM- 
HUANE OF THE STOMACH. (Modi- 
lied from Brinton.) 

a, small arteries passing to break 
up intt) the fine capillary network, d, 
between the glands; b, coarser capil- 
lary network around the mouths of 
the glands ; c, c, veins passing 
vertically downwards from the super- 
ficial network ; r, larger vessels in 
the submucosa. 



Fkj, 775 . TjVMphattcs of the human (iAsruru 

M l ; C O U S AF E M H KANE, I N J E C T j: i> . ( I jO VO n . ) 

The glands are only faintly indicated ; a, mus- 
cularis inucoste ; b, plexus of fine vessels at base of 
glands ; r, plexus of larger valved lymphatics in 
submucosa. 


tissue, where they freely anastomose, and whence they are distributed to the 
mucous membrane and to the muscular layers (fig. 773). The terminal arterial 
branches • (fig. 774, a) which enter the mucous membrane are spirally coiled in 
its deeper part. Hence they pass between the tubules, ramifying freely in a radial 
manner and forming a plexus (d) of fine capillaries upon the walls of the tubules ; 
this plexus passes superficially into a coarser capillary network around the mouths 
of the glands. The veins, fewer in number than the arteries, arise from the latter 
network, and take an almost straight course (c, c) through the mucous membrane 
between the glands ; they join to form a plexus of larger vessels near the bases 
of the glands. From this plexus branches pass ofi, which, after piercing the 
muscularis mucosic and forming a wide venous plexus in the submucous tissue, 
return the blood into subserous vessels which carry it into the splenic and superior 
mesenteric veins, and also directly into the vena portae. The gastric veins, as well 
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as other tributaries of the vena porta?, have a particularly welhmarked muscular 
coat and contain numerous valves (Hochstetter). 

The lymphatics are very numerous. As shown by Loven, they arise in the 
mucous membrane (fig. 775) as a deuse network of lacunar spaces, situated between 
and amongst the gland-tubuli, which, as well as the blood-vessels, in many parts 
they enclose in sinus-like dilatations. Near the surface of the membrane the lymph 
is collected into vessels which form loops or possess dilated extremities : these 
vessels are less superficial than the blood-capillaries. At the deeper part of the 
mucous membrane the interglandular lymphatics pass into a i)lexus of fine 
vessels (fig. 775, 6), immediately underlying the tubular glands ; then piercing the 
muscularis mucosa? (a), they form a coarser, more deeply seated network (c) in the 
submucous coat, the vessels of this network being provided with valves. Thence 
efferent lymphatics proceed, and, piercing the muscular coat, between the layers of 
wliich is another plexus, they follow the direction of the blood-vessels beneath the 
peritoneal investment, and traverse lymphatic glands found along the two curva- 
tures of the stomach. 

The nerves, which are large, consist of the terminal branches of the two vagi, 
and of offsets from the sympathetic system, derived from the solar plexus. The 
left pneumogastric nerve descends on the front, and the right upon the back of the 
stomach ; both nerves are here composed almost entirely of non-medullated nerve- 
fibres. Numerous small ganglia have been described by liemak and others on 
both the vagal and sympathetic twigs. The nerves form gangliated plexuses, 
both between the layers of the muscular coat and in the submucous coat. From 
these plexuses nerve- fibrils proceed to 
the muscular tissue and to the mucous 
membrane. 

The pylorus. — While there is no 
special apparatus at the cardiac orifice 
of the stomach for closing the passage 
from the oesophagus, the opening at 
the pyloric end, leading from the 
stomach into the duodenum, is j^ro- 
vided with a sphincter muscle. On 
looking into the pyloric end of a 
distended stomach, the mucous mem- 
brane is seen projecting in the form 
of a circular fold, called the pylorus, 
leaving a correspondingly narrow open- 
ing. Within this fold are circular 
muscular fibres, belonging to the 
general system of circular fibres of 
the alimentary canal, which are here 
collected in the form of a strong band, whilst the longitudinal muscular fibres 
and the peritoneal coat pass over the pyloric fold to the duodenum, and do not 
enter into the formation of the sphincter (fig. 776). Externally the pylorus may 
be easily felt, like a thickened ring, at the right end of the stomach, where also a 
slight external constriction is visible. 

The following articles on the structure of the stomach and its glands (including the 
■oesophageal glands of amphibia) may be referred to : Aufschnaiter, Wiener Sitzungsb. 
ciii. 1894 (muscular coat) ; Bensley, Amer. Journ. Anat. ii. 1902 ; Disse, Arch. f. mikr. Anat. 
Ixiii. 1903 (blood-vessels), and Ixxviii. 1911 (lymphatics); v. Ebncr in Kolliker’s Hand- 
buch der Gewebelchre, 1902 ; Edolmann, Deutsche Zeitschr. f. Thicrmed. xv. 1889, and Inaug. 
Diss. Rostock, 1889 (glands of cardia) ; C. Golgi, Arch. ital. di biol. xix. 1893 (secretory canali- 
culi) ; M. Greenwood, Journ. Physiol, v. 1884 (changes in gland-cells) ; Gubaroff, Arch. f. Anat. 



Fro. 770.— Skction 'JUKoucni evLoiuc paut of 

STOMACH AND COMMENCKMENT OF DUODENUM 

FROM A SPECIMEN HARDENED IN SITU. 

(J. Symington.) Natural size. 

a, a, a, longitudinal folds of the mucous mem- 
brane in pyloric part of stomach ; h, section of 
mucous membrane; r, circular muscular fibres of 
stomach, the longitudinal iibres are just visible tc 
the naked eye as a narrow line external to the 
circular fibres ; d, duodenum; p, pyloric orifice. 
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1886 (cardiac orifice) ; G. Haane, Arch. f. Anat. 1905 (glands of cardia); E. Hamburger, Arch, 
f. mikr. Anat. xxxiv. 1889 (leucocytes in parietal cells) ; R. Heidenhain in Hermann’s Handbuoh 
der Physiologic, v. 1883 ; A. Hopfl’e, Arch. f. Anat. 1910 (glands of cardia) ; Jouvenal, Journ. de 
I’anat. et de physiol. 1906 (crypts of Lieberkuhn) ; Marie Klaufmann, Anat. Anz. xxviii. 1906 
(parietal colls in pyloric region) ; Kupffer, Festschr. d. arztl. Ver. Munchen, 1883 (glands of 
cardia) ; J. N. Langley, Phil. Trans. 1881 (changes in gland-cells) ; Langley and Sewall, Proc. 
Roy. Soc. 1879, and Journ. Physiol, ii. 1879 (changes in gland -cells) ; A. Liebert, Anat. Hefte, 
xxiii. 1904 (fundus glands of monkey) ; F. P. Mall, Johns Hopkins Hospital Rep. i. 1890 (blood- 
vessels) ; R. Metzner in Nagel’s Handbuch der Physiologie, 1906 ; E. Muller, Biol, forens. For- 
handl. iv. 1891-2, and Om inter- och intra-cell. Kortelgj°ngcr, Stockholm, 1894 (secretory 
canaliculi); Noll and Sokoloff, Arch. f. Physiol. 1905 (changes in gland-cells); Nussbaum, 
Arch. f. mikr. Anat. xiii. 1877 (glands of pylorus) ; Oppel, Vergl. mikr. Anat. d. Wirbelthiere, 
1896 ; Rollett in Strieker’s Handbuch der Gcwebelehre, 1871 ; Schaffer, Wiener Sitzungsb. cvi. 
1897 ; Zimmermann, Arch. f. mikr. Anat. lii. 1898 (gland-cells and secretory canaliculi). 


THE SMALL INTESTINE. 

The small intestine commences at the pylorus, and, after many convolutions, 
terminates in the large intestine. Its average length in the adult is about 22 feet ; 
it becomes gradually narrower from its upper to its lower end. 

The first ten or twelve inches immediately succeeding to the stomach, com- 
prising the widest and most fixed part of the tube, is called the duodenum. The 
remainder, which is arbitrarily divided into an upper two-fifths called the jejunum, 
and a lower three-fifths called the ileum, is mu(‘h convoluted and movable, being 
connected with the posterior abdominal wall by a long and extensive fold of 
peritoneum called the mesentery, and by numerous blood-vessels and nerves. 
Although there is no distinct line of demarcation between the jejunum and the 
ileum, yet the portion of the small intestine included under these two names 
gradually undergoes certain changes in structure and appearance from above 
downwards, so that the upper end of the jejunum can readily be distinguished 
from the lower part of the ileum. 

The small intestine, like the stomach, is composed of four coats, viz. serous or 
peritoneal, muscular, areolar, and mucous. 

The external or serous coat almost entirely surrounds the intestinal tube over 
the whole extent of the jejunum and ileum, leaving only a narrow interval behind, 
where it passes off and becomes continuous with the two layers of the mesentery. 
The line at which this takes place is named the attached or mesenteric border of the 
intestine, the opposite border being known as the free border. The duodenum is 
but partially covered by peritoneum. 

The muscular coat consists of two layers of fibres, an outer longitudinal, 
and an inner circular set. The fibres are disposed in bundles, with connective tissue 
between the bundles. The longitudinal fibres constitute an entire but comparatively 
thin layer, and are most obvious along the free border of the intestine. The 
circular layer is thicker and more distinct. 

The muscular tunic becomes gradually thinner towards the lower part of the 
small intestine. It is pale in colour, and is composed of plain muscular tissue, 
the cells of which are of considerable length. There is a gangliated plexus of 
nerve-fibres and a network of lymphatic vessels between the two muscular 
layers. 

The submucous coat of the small intestine is a layer of areolar tissue of loose 
texture, which is connected more firmly with the mucous than with the muscular 
coat. Within it the blood-vessels ramify before passing to the mucous mem- 
brane. It also contains a gangliated plexus of nerve-fibres and a network of large 
lymphatic vessels. 

The mucous membrane is formed of reticular tissue, containing many 
lymph-corpuscles, and extended towards the intestinal cavity in the form of villi^ 





Longitudinal section of human jejunum passing through two valvulae 
conniventes (Sobotta). Magnified 15 diameters. Haematoxylin-eosin. 
viy villi; /, lymphoid nodule; muscularis mucosae; sm, submucosa; 
sm\ process of submucosa from valvula connivens; v, veins of sub- 
mucosa; cnty circular muscular layer; Iniy longitudinal muscular layer. 
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It is bounded at tbe free surface by columnar epithelium, which also covers the villi 
and is invaginated into the numerous small tubular glands opening on to the 
surface (fig. 777). Next to the submucous coat it is terminated by a thin double 
layer (inner circular and outer longitudinal) of plain muscular fibres — ^the 
muscularis mmosce — which sends prolongations towards the surface between the 
glands and into the villi. The elastic fibres of the mucous membrane form a 
close reticulation over the muscularis mucos® (Mall). 

The mucous membrane is characterised by the finely flocculent or shaggy 
appearance of its inner surface, resembling the pile upon velvet. This appearance 
is due to the surface being thickly covered with the minute processes named villi. 
It is one of the most vascular membranes in the body. In the fresh condition it 
is of a reddish colour in the upper part of the small intestine, but is paler, and 
at the same time thinner, towards the lower end. 

The mucous membrane, in addition to small effaceable folds or rugae, possesses 
also permanent folds, which cannot be obliterated, even when the tube is forcibly 
distended. These permanent folds are the valvulw conniventes or valves of Kerhring. 
They are crescentic projections of the mucous membrane, placed transversely to the 
axis of the bowel and following one another closely (fig. 778, and accompanying 
Plate). The majority do not extend more than about one-half or two-thirds 
round the interior of the tube, but it has been shown by Brooks and Kazzander 
that some form complete circles, and others spirals. The spiral forms may occur 

singly or in groups of two or three. They 
generally extend a little more than once 
round the bowel, but in rare cases may 





Fig. 777.— Small portion of tiik surface of 
THE mucous membrane OF THE SMALL INTES- 
TINE. (Rauber.) Magnified 80 diameters. 

1, mouths of crypts of Lieberkiihn ; 2, villi. 



Fig. 778.— Portion of small intestine dis- 
tended WITH ALCOHOL AND LAID OPEN TO 
SHOW THE VALVULAR CONNIVENTES. (Brilltoil.) 


go round two or three times. At their highest point the valves project inwards for 
about a third of an inch. Some of the valvulm conniventes are bifurcated at one or 
both ends ; others terminate abruptly. Each consists of a fold of mucous membrane, 
that is, of two layers placed back to back, united closely by submucous areolar 
tissue. They contain no part of the circular or longitudinal muscular coats. Being 
extensions of the mucous membrane, they serve to increase the absorbent surface 
to which the food is exposed. 

The valvulse conniventes are not uniformly distributed over the various parts of 
the small intestine. There are none quite at the commencement of the duodenum ; 
a short distance from the pylorus they begin to appear ; beyond the point at which 
the bile and pancreatic juice are poured into the duodenum they are very large, 
regularly crescentic in form, and placed so near to each other that the intervals 
between them are not greater than the breadth of one of the valves ; they continue 
thus through the rest of the duodenum and along the upper half of the jejunum ; 
below that point they begin to get smaller and farther apart, and finally, towards 
the middle or lower end of the ileum, having gradually become more irregular and 
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indistinct, sometimes even acquiring a very oblique direction, they altogether 
disappear. 

The villi, peculiar to the small intestine, and giving to its internal surface the 
velvety appearance already spoken of, are small processes of the mucous membrane, 
which are closely set on every part of the inner surface, over the valvuliC conniventes, 
as well as between them. 

Their length varies from 0*5 mm. to 0*7 mm., or sometimes more. They are 



villi 


evyptn of Lieberkiihn 


inuscularis mucosae 


submucosa 


layer of circular 
muscular fibres 


iutermuscular layer 

layer of longitudinal 
muscular fibres 


serosa 


Fid. 7711. Skction Ob’ .ik.tunum of cat pakallel with the long axis of the intestine. 
(Schiifer.) Magnified 40 diameters. 


largest and most numerous in the duodenum and jejunum, and become gradually 
smaller and fewer in number in the ileum. According to Rauber, they are short 
and leaf-shaped in the duodenum, and as the gut is followed downwards they 
become gradually longer and thinner, being tongue-shaped in the jejunum, and 
filiform in the ileum.* Occasionally two or three are connected together at their 
base. In the upper part of the small intestine there are from 10 to 18 villi in a 


®* -*'*’® ‘“***"»*». “'“l >‘8 relation to the food, see Bujard, 

19011 s ’ Monthly Jonrn.of Anat.and Physiol, xxvi. 

1909. See also on types of vilh, W. A. Hilton in Amer. Journ. Anat. i. 1902. 
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square millimetre, and in the ileum from 8 to 14 in the same space. It is estimated 
that there are about four millions altogether (W. Krause). 

Chaput describes the villi as being so closely arranged as to be separated merely by narrow 
clefts into which the crypts of Lioberkiihn open. This may be the case in the empty condition 
of the intestine, but when it is distended they are necessarily more separated from one another, 
as usually described. 



Fiu. 780. — Paut of a section tiihough a villus of the loo. (H. lleidenliain.) 
Highly magnihed. 

m.j plain muscle; Z"., leucocytes, which are seen in large numbers in the interstices 

of the reticular tissue ; hL^ vessels ; c., connective-tissue cells, covering the fibrils of the 
reticulum. The epithelium of the villus is not represented. 


A villus consists of a prolongation of the proper mucous membrane. It is 
covered by columnar epithelium (fig. 779), and encloses a network of blood-vessels. 



Fio. 781. — Magnified view of the blood-vessels of the intestinal villi. (Bliarpcy.) 

The drawing was taken from a preparation injected by Lieberkiilin, and shows, belonging 
to each villus, a small artery and vein with the intermediate capillary network. 

one or more lymphatic vessels (lactealsl, and a few longitudinal plain muscular 
fibres, these being all supported and held together by reticular tissue (fig. 780). 
Under the epithelium is a basement-membrane composed of a condensation of the 
reticular tissue covered by flattened cells; these cells are on the one hand connected 
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with the branched cells of tlie reticular tissue, and on the other hand send pro- 
cesses between the epithelium-cells. Nerve-fibrils penetrate into the villi from 
the plexus of Meissner, and form arborisations throughout their whole substance 
(fig. 806). Each villus receives, as a rule, one small arterial twig, which runs from 
the submucous coat through the muscularis mucosae to the base of the villus, 
and then up the centre to near the middle of the villus, where it begins to 
break up into a number of capillaries (fig. 781). These form near the surface, 
beneath the epithelium and limiting membrane, a fine capillary network 
(fig. 782) from which the blood is returned for the most part by one or two 
venules, which in man commence near the tip of the villus, and pass down to 
its base to join the venous plexus of the mucous membrane, whence the blood is 
conveyed to the large veins of the submucosa. The general arrangement of the 
vascular supply of the villi varies considerably in different animals. 



Fia. 7H‘2 . — Longitudinal section of villus of rat, 
KILLED during ABSORPTION OF FOOD. (Scliufer.) 

Numorous leutiocytus are seen between tlie columnar 
epithelium-eells, within the reticulum of the villus and in 
the upper piut of the lacteal, within which some of them 
are becoming disintegrated. 



Fig. 783 . — Injected lacteal ves- 
sels in two villi OF THE HUMAN 
INTESTINE. (Teichmann.) Mag- 
nified 100 diameters. 

The lacteals are represented as 
filled with white substance and the 
blood-vessels with dark, a, 6, the 
lacteal vessels, single in one villus 
and double in the other ; c, the 
horizontal lacteal vessels with which 
those of the villi communicate ; d., the 
blood-vessels, consisting of small 
arteries and veins with capillary net- 
work between. 


A lacteal lies in the centre of each villus (figs. 782, 783, 784, 785, 786), and is 
in the smaller villi usually a straight vessel, with a closed and somewhat expanded 
extremity, and of considerably larger diameter than the blood-capillaries of the 
part. According to the observations of Teichmann, there are sometimes two 
(never more) intercommunicating lacteals in a single villus in the human subject 
(fig. 783, h) ; but both he and Frey found a copious network in the villi of the 
sheep. Like the lymphatics elsewhere, the lacteals in the villi are bounded by a 
delicate layer of endothelial cells. These are connected with the branched cells 
of the reticular tissue of the villus, and these again with the flattened cells which 
help to form the basement-membrane. 
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The muscular tissue within the villus was discovered by Briicke ; it consists of 
small bundles of plain fibre-cells disposed longitudinally around the lacteal ; on 
being stimulated in the living condition it produces an obvious retraction of the 
villus. This muscular tissue is a prolongation from the muscularis mucosae. The 
fibre-cells at the sides and towards the end of the villus pass from the lacteal to be 
attached to the basement-membrane (fig. 780, m.m ,) ; usually tlieir attachment to 
this is forked (Watney). There is considerable variation in different animals in 
the amount and distribution of muscle-fibres in the villi {see figs. 785, 786).' 

Columnar epithelium-cells (fig. 782 and figs. 785 to 788) cover not only the villi 
but also the rest of the surface of the intestine, and extend into the tubular glands. 
Their general characters have already been described under ‘ Epithelium ’ (pp. 85 
to 88). The cells are set upon the surface of the basement-membrane, often by 
a somewhat flattened extremity. There is never any continuity between their 
attached extremity and the branched corpuscles of the retiform tissue of the villus, 
such as has often been supposed to exist ; on the contrary, the epithelium separates 
with the greatest readiness from 
the subjacent tissue, and almost 
always with a simple truncated 
extremity, sometimes pitted but 
never much branched. Between 
the epithelium-cells are leucocytes 
in variable number, but most 
numerous in the lower part of the 
intestine and near the lymphoid 
nodules. They are often seen in 
considerable numbers between the 
columnar cells and the basement- 
membrane. 

Amongst the ordinary epithc- 
lium-cells are mucus-secreting cells 
(fig. 789), the outer half of which 
is filled with mucigen; in some 
this has become discharged as 
mucus from the cell, and the 
free end is ruptured (goblet-cells^ 
figs. 790, 791). The number of cells 
secreting mucus varies much in dif- 
ferent animals, and perhaps under 
different conditions in the same 
animal. There are comparatively 
few in the glands of the small 
intestine. 

In addition to their secretory function the epithelial cells are the primary agents 
in promoting the absorption of digested food-materials from the interior of the gut, 
and the seat of some of the processes of metabolism which the products of digestion 
undergo during absorption. Most food-materials cannot be traced in microscopic 
specimens, but fats, from their insolubility in the watery cell-contents and their 
property of becoming stained with certain dyes, can be to some extent followed. 
Fats appear to be absorbed only after having been broken down into fatty acid and 

^ On the muscular tissue of the villi see Trautmaiin, Auat. An/., xxxiv. lOOi). Other details relatin'^ 
to the structure of the small intestine will be found in the Dissertation of the same author, Zurich, 11)07. 

^ On the special structure of the intestinal epithelium see Kulschitzky, Arch. f. mikr. Anat. xlix. 
1897, and M. lleideiihain, Plasma und Zelle, 2te Lieferung, 1911. 



Fig. 784. — Vertical section of the intestinai. 

MUCOUS MEMBRANE OF THE RABBIT. (Slightly 
altered from Frey.) Magnified 150 diameters. 

Two villi are represented, in one of which the dilated 
lacteal alone is shown, in the other the blood-vessels 
and lacteal are both seen injected, the lacteal white, 
the blood-vessels dark ; u, the lacteal vessels of the 
villi; a' horizontal lacteal, which they join; fe, capillary 
blood-vessels in one of the villi ; c, small artery ; 
(/, vein ; c, the epithelium covering the villi ; //, tubular 
glands or crypts of Lieherkiilin, some divided down the 
middle, others cut more irregularly ; /, the submucous 
layer. 
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‘glycerine and to be built up again within the epithelium-cells. The examination of 
specimens taken during digestion of a meal containing fat shows this substance 
within the cells in the form at first of very fine particles mainly near the free end 
of the cell (fig. 792, A). The fine particles gradually enlarge and run together into 
droplets (fig.792,B), and these are passed towards 
the fixed end of the cell, there again becoming 
finer. Eventually the lim* particles pass out of 
the epithelium-cells, and the leucocytes within 
the tissue of the villus may now contain them in 



Fl(i. THT). TllANSVKUSK SKCTION OK 
('rrauiiMunii.) 

('pitlieliiim : <(\ striated border: 


MLia'S OK l'J<i, 



}Xol)let-c(>ll ; 

A, lyiiiplioid tissue ; r, small <-eiitrut lacteal ; e, fdaiii museb;- 
fibrcB cut transversedy ; /, section of arteriole. 


Fi(i. 7 S(). — Tuaxsnkksk skckion OI’ a 
viKLUs OK o\. (Trautmami.) 

o, epithelium; u', striated border; 
/>, lymphoid tissue ; r, large ccuitral lac- 
teal ; f, plain muscle-libres cut across. 


considerable amount. Still later they are seen within the central lacteal (fig. 793). 
It is probable that these leucocytes, which are found abundantly within the tissue 



Fig. 787. -Cor.KMN au KauTiiKianM-cKi.Ls of thk uabuit’s intestine. (Scliiifer.) 

A. d'wo e(‘lls isolated after imu^eration in very weak chromic acid. They are much 
vacuolated, and one of them (2) has a fat-globule attached near its end ; the striated border 
(.s7/-.) is well seen, and the bright disc separating this from the cell-protoplasm; 7 /, nucleus 
with intranuclear network ; <(, a thinned-out wing-like projection of the cell which probably 
fitted between two adjacent cells. 

B. A row of columnar cells from an intestinal villus of the rabbit. .s7/-, striated border; 

/r, smaller cells of the nature of lymph -corpuscles, between the epithelium-cells. 

of the villus, and even amongst the epithelium-cells of the surface, play an 
important part in the transference of the fat-particles, and perhaps of other 
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food-substances, from the epithelium-cells to the lacteal. For, as just stated, 
they contain at certain stages of fat-absorption abundant fatty particles. In the 



Fig. 788 . X columnah hvithk- 

I>IIJM-CELL, SHOWING MASS OK 
KIHHILS (CVToMITOMK) WITHIN 
THE CYTOPl.ASM. (M. Hcideii- 
hain.) 



Fig. 781 ).- -A gohekt oh mkci’s- 

SKGHETING CELIi IN GOLUMNAH 

EPITHELIUM. (M. lleidetihain.) 

'L’Ik; coiitroHomo is in the 
inncij^en - mass. Part of an 
ordinary columnar cell is also 
shown. 


traiisforenco of carbon particles in the lungs from the interior of the alveoli to the 
lymphatics, which is due to the activity of amceboid cells, we have an analogous 
proc(‘ss. 



Fig. 71 ) 0 . Tkansveuse section of .v villus (m\n), showing numerous gohlet-cells ue i’ween 
THE ordinary COLUMNAR CELLS, (v. Ebiier.) Magiiihed .51M) diameters. 

basement-momhrane, which, along with the reticular tissue of the villus, is somewhat 
shrunken away from epithelium; 6, lacteal ; c, columnar epithelium; r/, its striated border; 
c, goblet-cells; /, leucocytes in epithelium; J\ leucocytes below epithelium; //, blood-vessels; 
//, muscle-cells, cut across. 


In some animals the passage of fat from the epithelium-cells to the lactcals 
appears to take place in a different manner. For example, in puppies fed on milk 
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darkly stained streaks may be seen (in osmic preparations) extending from the 
inter-epithelial spaces to the borders of the central lacteal. 

It was denied by R. Heidenhain that the leucocytes of the intestine contain fatty particles 
during fat- absorption ; he stated that the particles within them which are stained black by 



a hod e f 


Fi(}. Pakt of a tkansvkuhe section of a villus of ouinea-pkl (R. Heidenhain.) 

columnar epithelium, with goblet-cells between the ordinary cells; basement- 
membrane; o section of a capillary blood-vessel; ri, a phagocytic leucocyte; a group of 
plain muscle-cells, cut across ; /, central lacteal. 

osmic acid are not fatty, but albuminous, being insoluble in ether. This is not, however, strictly 
correct. Many of the particles which the lymph-cells contain during fat-absorption unquestion- 
ably dissolve in ether and other solvents of fat, although some particles remain undissolved by 
those reagents. These particles may be of an albuminous nature, or they may still be fatty, 


A B 



Fio. 792. - Two STAGES IN THE DEPOSITION OP FAT IN THE INTESTINAL EPITHELIUM OF THE 

FROG. (Krelil.) 

but so modified by the action of the osmic acid as to have been rendered relatively insoluble 
in ether. In the frog, where absorption proceeds more slowly, and can be more easily traced, 
no fat is to be seen anywhere but in the epithelium-cells, in the leucocytes, and in the lacteals 
(fig. 793). In the guinea-pig also, as Heidenhain himself showed, there are many phago- 
cytic leucocytes (fig. 791, d), which take up the whole of the absorbed fat after it has traversed 
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the epithelium.’ In some animals absorption may take place so rapidly that the absorbed fat, 
after being finely divided and modified in the epithelium -cells, may bo sot free between them 



Fig. 7U3. Sectign of faut of a rat’s villus during adsorption of fat. (Schitfer.) 
OsMiic-acid preparation. Highly magnified. 

epithelium -ccUb, containing fatty particles; s/r, striated free border; r, lymph-corpuscles 
in the tissue of the villus, containing fatty particles ; c', others between the epithelium-cells ; 
/, central lacteal, containing chyle and disintegrating leucocytes. 


without all being immediately taken up by leucocytes. Eventually, however, most of it appears 
to be removed by these colls. The agency of the cpithclium-cclls in fat-absorption has been 



Fig. 704.“ Section of frog’s intes- 
tine DURING ABSORPTION OF FAT. 
(Schiifer.) Osmic-acid preparation. 
Highly magnified. 

ep, epithelium ; ntr, its striated bor- 
der ; lacteal ; c, c, lymph-corpuscles 
containing fine fatty particles. The 
fatty particle.s in the epithelium-cells 
are coarse in the peripheral and fine in 
the central zone of each cell. 

altogether denied (Watney, Zawarykin), but 
shown within tho.se cells during absorption. 



Fig. 71)5. — Section of the mucous mem- 
brane OF THE SMAI.L IN’l’ESTTNE ACROSS 
THE CRYPTS OF lilEBERKUHN. (Uaubcr.) 
Magnified 200 diameter.s. 

(The blood vessels had been injected in this 
preparation.) 

insufficient ground.s, for fat-particles are easily 


Seoretingr grlands of small intestine. — Two kinds of small secreting 
glands open on the inner surface of the intestine, viz. the crypts of Lieberkiihn 
and tlie glands of Brunner, the last being peculiar to the duodenum. 

^ R. Zipkin (Anat. Hefte, xxiii. 1903) also describes the numerous leucocytes in the villi of the 
monkey (Innuus rhesus) as being phagocytic. 
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The simple tubular grlands of the intestine or crypts of 
Xiieberkiihn are formed by invagination of the general surface of the mucous 
membrane, and dip into its thickness. The invagination carries with it the 
layer of epithelium. Between the glands is the reticular tissue of the mucous 
membrane, containing many lymph-corpuscles (fig. 795) ; this tissue is condensed 
into a basement-membrane for each gland. The epithelium-cells of the glands are 
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Flu. 70r». — Skction ok duodenum oe c.\t. (Schiifer.) Magnified about 00 diameters. 


of the same cliaracter as those covering the general surface of the intestine. The 
invagination is slightly enlarged at the blind end (fundus), and here, in the small 
intestine of some animals, including man, occur special cells with distinct 
secretion-granules, first described by Paneth, and known by his name.^ Most of 


^ According to S. Klein (Amor. Jourii. Anat. v. 100(5) the granule-containing cells arc not found in 
e.ariiivora, but are iireseiit in insectivora. The granules are not mneinogen, as Bizzozero had supposed 
to be the case. See also Trautinann, Arch. f. luikr. Anat. Ixxvi. 1010. 
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the epithelium-cells of the glands are columnar, with characteristic striated border : 
these may perhaps be concerned with absorption, like those which cover the villi. 
This supposition does not positively exclude their participation in the production 
of the succus entericus ; indeed within the crypts of Lieberkiihn absorption 
would only be possible on the assumption that the fluid products of digestion 
pass into the crypts. Scattered about amongst the columnar cells are goblet-cells 
(fig. 797), which are, of course, mucus-secreting : they are far more numerous 
in the crypts of the large than in those of the small intestine. Outside the epi- 
thelium is the basement-membrane, which has been already noticed : it does not 
exhibit nuclei, although from the appearance of silver-nitrate preparations it has 
been described as composed of endothelial cells. Detween tlie basement-membrane 
and the cpitlielium-cells of the gland and also here and tlu're between these cells, 



tFlemining.) 



Fi(i. 71)8. Section TinioiHiii titk commencement of the 
DUODENUM AT THE I’YUOBUS. (Klein.) 

r, villi; h, apex of a lymplioid nodule; r, cry[)ts of Lieber- 
kiilin ; vn, inuKcuIaris inucosio ; .v, secreting tubes of Brunner’s 
glands; d, duets of pyloric glands of stoinach ; jy, tubes of tbes(* 
glands t;ut across in mucous membrane; deeper-lying tubes 
situated in submucous tissue, and cmTesj)onding with Brunner’s 
glands of the intestine. 


leucocytes are frequently found, especially in glands of those parts of the mucous 
membrane wJiiclilie overnnd adjacent to Foyer’s patches and solitary lymph-nodules. 

It occasionally happens that the intestinal crypts are cleft, thus exhibiting a tendency to 
become compound. They vary in length from 0*2 to 0*3 mm. in man : they are longest in the 
duodenum. 

Srunner’s g'lands are small compound tubulo-raccmose glands, which are 
found in the duodenum (fig. 796) ; they are most numerous at the upper end, 
occupying thickly a space extending from one to two inches beyond the pylorus. 
A few are said also to be found quite at the commencement of the jejunmn. 
They arc imbedded in the submucous coat (sometimes extending partly into tln^ 
mucous membrane between the crypts of Lieberkiihn), and may be exposed by 
dissecting off tlie muscular coat from the outside of the intestine. In structure 
they somewhat resemble the small glands found in various parts of the lining 

N N 2 
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membrane of the mouth and elsewhere, each consisting of a number of tubular 
alveoli, connected by the terminal ramifications of the duct ; the latter penetrates 
the muscularis mucosae, and opens upon the inner surface of the intestine, the 
opening being situated either between the crypts of Lieberkuhn or more rarely 
at the base of a crypt (Schaffer). In sections through the pylorus the glands of 
Brunner appear like continuations of the pyloric glands of the stomach (fig. 798), 
but they are more complicated in structure and more deeply seated ; moreover, 
their cells, which contain fine granules, do not yield the same ferments.’ These 
glands are better developed in herbivora than in carnivora. In the latter they 
axe found only close to the pylorus, in the former for a long distance down 
the gut.’* 

Zi3nnpliatlc follicles of the small Intestine, — The solitary grlands 

are soft, white, rounded, and slightly prominent bodies 0*6 mm. to 3 mm. in 
diameter, which are found thinly scattered over the mucous membrane in all 

parts of the small intestine. 
They are found at the mesen- 
teric as well as at the free 
border, both between and 
upon the valvulaB conni- 
ventes, and are rather more 
numerous in the lower por- 
tion of the bowel. These 
so-called “ glands are in 
structure similar to the 
lymph-follicles of various re- 
gions already described, con- 
sisting of clumps of dense 
reticular tissue, the meshes 

with lymph-corpuscles and 
pervaded by fine capillaries. 
They are here and there 
united at the sides with the 
surrounding lymphatic tissue, 
but arc at most points dis- 
tinctly marked ofi from it, 
partly owing to the fact that 
their supporting reticular 
tissue becomes closer and 
finer, partly owing to their being surrounded by a rich plexus of lymphatic 
vessels ; they may even hang, as it were, into a lymph (or lacteal) sinus which 
entirely surrounds the follicle, except next to the surface of the intestine. The 
epithelium over the follicle has often a very large number of lymph-corpuscles 
between the epithelial cells. The base of. the follicle is situated in the submucous 
tissue ; but the follicle extends upwards, through the muscularis mucosse, into the 
mucous membrane, causing a bulging of the surface towards the interior of the 
gut (as in fig. 799). The prominent part of the follicle sometimes has villi upon 
it ; placed around very irregularly are seen the mouths of the crypts of Lieberkuhn. ^ 

^ Bogomoletz (Arch. f. inikr. Anat. Ixi. 1903) found the granules in tlie secreting cells increased as 
the result of protein diet. According to Oppel (Arch. f. inikr. Anat. Ixxvi. 1910) some of the cells of 
Brunner’s glands in man contain granules similar to the cells of Paneth of Lieberkiihn’s crypts. See 
also M. Kaufmann-Wolf, Anat. Aiiz. xxxix. 1911. 

* Scheunert and Grimmer, Int. Monthly Journ. of Anat. and Physiol. 1906. 

® On the development of the solitary glands see Stbhr, Arch. f. mikr. Anat. li. 1898. 


of which are closely packed 



Fig. 799.— Section of a solitary gland of the small 

INTESTINE. (Cadiat.) 

c, r, villi, partially deprived of their epithelium; ^7, crypts 
of Lieberkuhn ; n, solitary gland composed of retiform lymphoid 
tissue, which has become partly broken away in preparing the 
section ; epithelium covering the apex or cupola of the 
follicle; e, r, muscularis niucoso); /, submucous coat. 
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Tlie lymph-follicles which by their aggregation make up a Peyer's patch are 
in almost all respects similar to the solitary glands above described. As a rule, their 
surface is free from villi, and the crypts of Lieberkiihn are collected in circles around 
them. Fine blood-vessels are distributed abundantly on the exterior of the follicles 
and give off still finer capillaiy branches, which, supported by the reticular tissue, are 
disposed principally in lines converging to the centre (fig. 801). 

The lacteal plexuses, which are abundant 



Fkj. SOS. — Section of small intestine 

WITH UJ.OOD-VEHSKLS, IN-IECTEP. 


in the whole extent of the intestine, are 
especially rich where they surround the 
follicles of Peyer's glands (fig. 802), often 
forming sinuses around them, as in the case 
of the solitary glands. 

From twenty to thirty of these oblong 
patches may in general be found ; but in 
young persons as many as forty-five have 
been observed. They are larger and placed 
at shorter distances from each other in the 
lower part of the ileum ; but in its upper 
portion as well as in the lower end of 
the jejunum the patches occur less fre- 
quently, become smaller, and are of nearly 
circular form ; they may, however, be dis- 
covered occasionally in the lower portion 
of the duodenum. Still smaller irregularly 
shaped clusters of lymph-follicles are some- 
times found scattered throughout the in- 
testine. 

Peyer’s patches are best marked in the 
young subject. After middle life they 
become less obvious, and they disappear 
almost completely in advanced age, their 
remains being often indicated by a dark 
coloration of the mucous membrane. 

Slood-veBsels of tbe small intes- 
tine. — The branches of the mesenteric 
artery, having reached the attached border 
of the intestine, pass round its sides, divid- 
ing as they pass into numerous branches, 
some of which anastomose at the free border. 
Most of the branches run at first under the 


(Heitzniaiiii.) scrous coat, but they turn in one after tlie 

V, vilh; y/, glands; ;//.///., muscuiaris other at successive inter vaLs and pa ss through 

mucosa); .v.m.,Hubmucosii; r.?/;., circular, and .r i j i 

/.m., longitudinal muscular layers ; .v, scrous mUSCUlar COat into the SubmuCOSa, 

where they ramify abundantly (fig. 803). As 
they pierce the muscular coat they give off a 
few vessels to it, but this coat is mainly supplied by recurrent branches which come 
off the vessels in the submucosa. In the muscular coat the capillaries are arranged 
with oblong meshes parallel to the muscular bundles in the respective layers. 

From the plexus of vessels in the submucosa arteries to the mucosa are given 
off, and piercing the muscuiaris mucosa? ramify in the mucous membrane near the 
base of the glands. From the ramifications arise capillaries which form a close net- 
work around the crypts of Lieberkiihn, at the surface of the mucous membrane and 
within each villus, immediately below the basement-membrane. As already stated, 
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each villus as a rule receives its own small arterial branch. The venules arise near 
the surface of the mucous membrane and near the tips of the villi, and, gathering up 
the blood of the capillaries as they pass along, go straight through the muscularis 
mucosje to enter a close venous plexus in the submucosa. This plexus also receives 
most of the venules from the muscular coat, and from it proceed efferent vessels 
which accompany the entering arterial branches towards the surface, where they 
run underneath the peritoneal coat towards the mesentery. ' 

Ziympb- vessels. — The lymph-vevssels of the small intestine — termed Jacteals, 
from the milky appearance of their contents (chyle) during the absorption of food 
containing fat — are arranged in four networks, one in the mucosa, one in the sub- 
mucosa, one between the two layers of the muscular coat, and the fourth underneath 
the serous coat. The vessels which form the lud-work of the mucosa are mainly or 



Fiu. 804. — Vektical section of a portion op a patch okPeyer’s glands with the lacteal 
VESSEJ. s injected. (After Frey.) Magnified 82 diameters. 

The specimen is from the lower part of theilenm; n, villi, with their lacteals left white ; 

/>, some of the tubular glands ; c, the imiseular layer of the mucous membrane interrupted by 
the lymph-nodules ; //, cupola or projecting ])art of the nodule ; r, central part ; /, the 
reticulated lacteal vessels occupying the lymphoid tissue between the nodules, joined above by 
the lacteals from the villi and mucous surface, and passing below into r/, tlie sinus-lihe 
laeteals under the follicles, which agaiin pass into the large elTerent lacteals, r/ ; i, part of the 
musculur coat. 

entirely destitute of valves. They receive the lacteals of the villi (fig. 804), and are 
in communication with the network of larger valved vessels of the submucosa ; the 
communication being especially free in the neighbourhood of the lymph-nodules 
which break througli the muscularis mucosa) and are almost surrounded by sinus- 
like lymph- vessels. From the network in the submucosa efferent valved vessels pass 
through the muscular layers, receiving as they pass the lymph from the intra- 
muscular network, and enter the subserous network. This, which is especially well 
developed at the attachment of the mesentery, conveys the lymph to the lacteals 
in the mesentery, which closely accompany the ramifications of the arteries and 
veins. These lacteals enter the large mesenteric glands near the back of the 
mesentery, and the efferent vessels from these glands convey the chyle to the 
receptaculum chyli and thoracic duct. 

Besides the main lymphatic network between the two layers of the muscular coat 
(fig. 805), there are subsidiary networks within the layers, the vessels running in 


^ See on the blood-vessels of the small intestine F, P. Mall, Johns Hopkins Hosp. Bull. xi. 1900. 
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the connective tissue between the muscular bundles. These vessels of the muscular 
coat are in complete continuity on the one side with those of the submucosa, and on 
the other with those of the subserous layer. 

Nerves. — The nerves of the small intestine are chiefly derived from the 
superior mesenteric plexus, which is formed by branches from the lower part of the 
coeliac plexus and the superior mesenteric ganglion, and also receives fibres from 
the right vagus nerve at its junction with the c celiac plexus. Most of its sym- 
pathetic fibres are originally derived from the great and small splanchnic nerves, 
which convey both motor and inhibitory impulses to the blood-vessels of the in- 
testine, and others — mainly inhibitory — to the muscular coat, excitatory influences 
passing to this mainly by the vagi. The branches from the plexus to the intestine 
at first closely accompany the larger branches of the mesenteric vessels ; they 
ramify along with these and communicate with one another in a plexiform manner. 
As they approach the intestine they leave the blood-vessels and pass to the gut 



Fig. 805. --Lymphatic plexus [ 1 ) and nexivous px.exus (h) in the musculah coat of the 

INTESTINE. (Auerbach.) 

in numerous branches. Those at first penetrate tlie longitudinal layer of muscle 
and enter the gangliated plexus (plexus myentericus of Auerbach) (fig. 805, and A 
on accompanying Plate) which is there present ; from it branches arc distributed 
to the muscular fibres of both layers. Other larger branches pierce the circular 
layer of muscle, and in the submucosa enter the gangliated plexus of Meissner 
(see B on accompanying Plate). The minute structure of these gangliated plexuses 
has already been described (p. 227). 

From the plexus of Meissner some fibres are distributed to the musciilaris mucosse ; 
others pierce this and join a fine nerve-plexus throughout the substance of the 
mucous membrane and within the villi (fig. 806). Some authors state that nerve- 
fibres can be traced from this plexus amongst the columnar epithelium-cells. 

The following papers on the minute anatomy of the intestine may also be mentioned : 
H. J. Berkley, Anat. Anz. viii. 1893 (nerve-endings) ; Bizzozero, Anat. Anz. hi. 1888 (glands), 
Ramon y Cajal, Sistema nerviosa, 1899 (nerve-endings); N. Czermach, Arch. f. mikr. Anat. 
xlii. 1893 (lymph-nodules) ; Griinhagen, Arch. f. mikr. Anat. xxix. 1887 (fat-absorption) ; 
R. Heidenhain, Pfliiger’s Arch, xliii. (suppl.), 1888 ; Krehl, Arch. f. Anat. 1890 (fat-absorption); 
Kuezynski, Intern. Monatschr. f. Anat. u. Physiol, vii. 1890 (Brunner's glands) ; F. P. Mall, 
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Abh. d. k. Sachs. Gesell^h. d. Wiss. 1887 (blood- and lymph- vessels) ; E. Muller, Arch. f. mikr. 
Anat. xl. 1892 (nerve-endings) ; Nicolas, Bull. d. 1. soc. d. sci. de Nancy, 1890 (glands) and Intern. 
Monatschr. f. Anat. u. Physiol, viii. 1891 (epithelium of large intestine) ; Paneth, Arch. f. mikr. 
Anat. xxxi. 1888 (glands) ; J. E. Schmidt, ibid, Ixvi. 1905; Stohr, Arch. f. mikr. Anat. xxxiii. 
1889 and ibid. li. 1898 (lymph-nodules) ; Tomarkin, Anat. Anz. viii. 1893 (glands) ; J. Voigt, 
Anat. Hefte, xii. 1899 (development of crypts of Lieberkiihn). 


THE LARaE INTESTINE. 

The large intestine extends from the ileoeolic valve to the anus ; it is divided 
into the colony with the ccccum and vermiform appoidiXf and the rectum. It has 
four coats, like those of the stomach and small intestine, viz.— serous, muscular, 
submucous, and mucous (see accompanying Plate). 

The serous coat is for the most part similar to that of the small intestine. 


•except that, along the colon and upper 
part of the rectum, it is prolonged into 
numerous little projections, which enclose 
A certain amount of fat, and are termed 



Fig. 806. — Nerve-endings in the small intestine 
OF the guinea-pig. (Cajal.) Silver-chromate 
preparation. 

rt, 6, c, small nerve-cells belonging to the inter- 
glandular plexus of the mucous membrane ; c, /, cor- 
responding cells belonging to the nerve-plexus of the 
villi; Af, nerve-fibres belonging to the plexus of 
Meissner, distributed to the muscularis mucosie. 



Fig. 807. — Outline sketch op a section of 

THE ASCENDING COLON. (Allen Thomson.) 

Three-fourths natural size. 

s, serous covering; s\ h\ refiection of this 
at the attached border forming a short wide 
mesocolon between tlio folds of which the 
blood-vessels are seen passing to the colon ; 
Oj one of the appendices epiploicoo hanging 
from the inner border ; I rn^ one of the three 
bands formed by the thickening of the longi- 
tudinal muscular coat ; the dotted line re- 
presents the remainder of the longitudinal 
muscular coat, and the thick lino within it, 
marked c in, represents the circular muscular 
layer; in, mucous membrane; r, the cres- 
centic bands or indentations which divider 
the sacculi. 


appendices epiploicce. It is usually incomplete on the posterior and mesial surfaces 
of the ascending and of the descending colon and of the first part of the sigmoid 
flexure ; also on the posterior surface (and eventually on the lateral surfaces) of 
the second part of the rectum. The lowest part of the rectum is altogether extra- 
peritoneal. 

The muscular coat, like that of the other parts of the intestinal canal, 
consists of external longitudinal and internal circular fibres. 

The longitudinal fibres, although present to a certain extent all round the 
large intestine, are, in the caecum and colon, more thickly collected into three 
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remarkable flat longitudinal bands (fig. 807, Im). These bands commence upon 
the caecum, at the attachment of the vermiform appendix, and may be traced along 


Fig. 808.— Glands of lakge intbstine of child. (Schafer.) Magnified 800 diameters. 
A, in longitudinal section; B, in transverse section, 
w, muscularis mucosie. The epithelium shows numerous goblet-cells. 


the whole length of the colon as far as the commencement of the rectum, where 
they blend to form two bundles, which pass down, one on its anterior and the other 




Section of descending colon, human (Sobotta). Magnified SO diameters. 

Haematoxylin-eosin. 

gl. glands; mm, muscularis mucosae; sm, submucosa; cm, im, circular 
and longitudinal fibres of muscularis; se, serosa. 





Section of mucous membrane of human rectum (Sobotta). Magnified 
60 diameters. Haematoxylin-eosin. 


gl, gland ; epl, leucocytes in epithelium ; mm, muscularis mucosae ; m, mus- 
cular fibres in mucous membrane; nl, lymph-nodule; g, its germinal centre; 
gl\ glands cut tangentially. 


* 
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on its posterior surface. One of the three bands is placed along the attached 
border of the colon ; another runs along the border which, in the transverse colon, 
corresponds with the attachment of the great omentum ; whilst the third band is 
equidistant from tlie other two. Near the course of this third band most of the 
appendices epiploicae are attached (fig. 807, a). Measured from end to end, these 
three bands are shorter than the intervening parts of the tube, so that the 
latter arc thrown into sacculations ; when the bands are removed by dissection 
the sacculi are entirely effaced on distending the colon, which becomes longer and 
assumes a cylindrical form. The transverse constrictions seen on the exterior of 
the intestine, between the sacculi, appear on the inside as sharp ridges separating 
the cells, and are composed of all the coats. In the vermiform appendix the 
longitudinal muscular fibres are disposed in a uniform layer. 

The circular muscular fibres form only a thin layer over the general surface 
of the caecum and colon, but are accumulated in large numbers between the 
sacculi. In the rectum, especially towards its lower part, the circular fibres 
form a thicker layer, and around the anal canal they become developed into a 
sphincter muscle, some 4 mm. thick, which is termed the internal sf hinder of 
the anus. 

The submucous or areolar coat resembles in all respects that of the small 
intestine. 

The mucous membrane differs from that of the small intestine in being 
smooth and destitute of villi. Viewed with a lens, its 


surface is seen to be marked all over by the orifices of 
numerous tubular glands {cryiyts of Lieherhiihn) (fig. 808 
and Plate), resembling those of the small intestine, but 
longer and more numerous, and further distinguished 
from them by the large number of mucus-secreting cells 
which they contain. In some animals all the cells of 
these glands may be found to be mucus-secreting ; in 
others every alternate cell presents this character, the 
cells between being of the ordinary columnar kind. 
The glands occur in all parts of the large intestine 
except in a narrow zone at the lowest end of the rectum 
near the continuation of the columnar epithelium of 
the gut into the stratified epithelium of the anus. 

The epithelium covering the general surface of the 
mucous membrane is of the columnar kind, in every 
respect similar to that of the small intestine, except 
that there are many more goblet-cells. As in the 
stomach the mucous membrane consists of areolar con- 


■;> 



Fio. 809,— Blood-vessels op 

LARGE INTESTINE AS SEEN 


nective tissue with a certain amount of reticular tissue, 
and is bounded next the submucous coat by a layer of 
plain muscular fibres (muscularis 'mucoscd)^ which sends 
prolongations up between the glands to be attached to 
the basement-membrane near the surface, in the same 


IN VERTICAL HECTION. 

(Kolliker.) 

a, artery passing up from 
submucoaa; c, vein arising 
from capillary plexus, which 
surrounds the mouths of the 
glands. 


way as in the small intestine. 

Vessels and Nerves. — In the large intestine an arrangement of capillary 
plexuses and venous radicles obtains, similar to that which has been described 
in the stomach (fig. 809). At the lower end of the rectum the blood-vessels have 
a general longitudinal arrangement in the submucous coat. In the anal canal they 
lie in longitudinal folds of the mucous membrane and freely anastomose laterally. 
The veins here are large. Beginning in small dilatations at the lower end, they 
pass upwards for about three inches in the sub mucosa, and, freely communicating 
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with one another, form the hsemorrhoidal plexus. The arrangement of the 
lymphatics is nearly the same as in the small intestine. 

Mattered over the whole of the large intestine are found lymph-follicles, 
similar to the solitary glands of the small intestine. They are most numerous in 
the caecum and its vermiform appendix, being placed closely all over the latter ; 
their abundance constituting the chief characteristic of this diverticulum (fig. 810). 

The richness in lymph- vessels varies in different parts. They are most numerous 
in the caecum and become less abundant in the lower parts. The efferent lymph- 
vessels pass partly to the cceliac, partly to the lumbar glands ; those from the 
appendix enter the ileo-caecal and ileo-colic glands. A connexion is observed 



Fig. 810.— Thansvebse section op vebmifobm 

APPENDIX. (G. Maun.) 


between the lymph-vessels of the caecum and ascending colon (and sometimes of 
the appendix) and the superficial lymphatics of the right kidney.^ 

Nervous plexuses similar to those of the small intestine are found in the 
muscular and submucous coats of the large intestine. They receive nerve-fibres 
from the superior and inferior mesenteric and hypogastric plexuses of the sym- 
pathetic and also, in the lower part, from the anterior roots of the second and 
third sacral nerves. These last differ from those derived from the sympathetic by 
passing into the coats of the gut without having previously lost the medullary 
sheath. 

1 K. Franko, Arch. f. Anat. 1010. According to Lockwood (Journ. Anat. and Physiol, xxxiv. 1900) 
some lymph-vessels pass from the appendix to glands in the iliac fossa and to others which adjoin the 
external and internal iliac arteries. 



THE PANCREAS. 


The pancreas is a long gland of a reddish cream colour and irregularly 
prismatic shape, which lies across the posterior wall of the abdomen, behind the 
stomach. Its right end is the larger, and is termed the head ; from this arises a 
short and slightly constricted neck, which connects the head with the body. The 
body passes to the left, its left extremity or tail touching the spleen, whilst the 
head is in close relationship and partly encircled by the duodenum, into which 
the duct of the gland opens. 

The principal excretory duct, called the 'pancreatic duct or canal of Wirsung, runs 
through the entire length of the gland from left to right, buried entirely in its 
substance. Commencing by the union of the small ducts derived from the groups 
of lobules composing the tail of the pancreas, and receiving in succession at various 
angles and from all sides the ducts from the body of the gland, the canal of Wirsung 
pursues a nearly straight course in the axis of the gland until it reaches the neck. 
Here it turns obliquely downwards, backwards, and to the right through the neck 
and head, gradually approaching the posterior surface of the latter. Near its 
termination it comes in contact with the left side of the common bile-duct, which it 
accompanies to the second part of the duodenum. As it traverses the head of the 
pancreas it is joined by numerous branches, one of which coming from the lower 
part of the head is larger than the others. The bile and pancreatic ducts, placed side 
by side, pass very obliquely through the muscular and areolar coats of the intestine, 
and terminate, on its internal surface, by a common orifice, situated near the 
junction of the second and third portions of the duodenum, between three and 
four inches below the pylorus. The pancreatic duct, with its branches, is readily 
distinguished within the glandular substance by the very white appearance of its 
thin fibrous walls. Its widest part, near the duodenum, is from 2 mm. to 2*5 mm. 
in diameter. It is lined by a remarkably thin and snmoth membrane, which Tiear 
the termination of the duct may show a few scatteri^d crypt-like recesses. 

Occasionally the main duct gives off at the neck an accessory duct, which passes to the right 
and opens into the duodenum about an inch above the common opening of tho bile and main 
pancreatic ducts. This accessory duct or duct of Santorini is occasionally found of largo size, 
evidently serving as the principal channel for the passage of the pancreatic secretion into the 
duodenum, the lower part of the duct of Wirsung being then small.* 

The variations of the pancreatic ducts are of interest in connexion with tho mode of develop- 
ment of the pancreas. From tho observations of Ziramermann - and 0. Hamburger ^ it appears 
that in the human subject the pancreas is formed from two distinct outgrowths from the wall 
of the duodenum. One of these, the smaller, is in close relation with tho duodenal end 
of the common bile-duct ; the other, situated nearer the pylorus, is much larger, and forms 
the greater part of tho pancreas. About tho sixth week of embryonic life the two processes 
join, and their contained ducts subsequently communicate with one another. Tho portion 
of the upper duct on the duodenal side of the point of union grows less rapidly than the lower 
duct. It becomes tho duct of Santorini, while the lower duct, with tho peripheral portion of 
the upper one, forms the main channel for the pancreatic secretion, and is known as the main 
pancreatic duct, or canal of Wirsung. 


Structure. — The pancreas belongs to the class of tubulo-racemose glands. In 
its general cl)aracters it closely resembles the salivary glands, but it is somewhat 
softer in its texture than those organs, the lobes and lobules being less compactly 
arranged, and the connective tissue looser.^ 

* See on the disposition of the ducts W. M. Baldwin, Anat. Record, v, 1911. 

Verhand). d. Anat. Gesel. in Anat. Anz. iv. 1889. ** Anat. Anz. vii. 1892. 

^ On the connective tissue of the pancreas see Piazza, Anat. Anz. xxxvi. 1910. On tlie general 
structure Hdcke, Inaug. Diss. Ziirich, 1907. 
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The ducts are lined with a simple layer of long columnar epithelium, the cells 
becoming shorter and more cubical in the smaller ducts. They do not exhibit the 
well-marked longitudinal striation met witli in the duct-cells of some of the 
salivary glands. The ultimate branches of the ducts connected with the alveoli 
are much narrowed, and are lined with flattened cells ; in optical section these 
celts appear spindle-shaped. 


Centro-acinar 

cells. 


Centro-acinar 

cell. 






('ommen cement 
of duct. 
riiM('r zone of 
iilvcolar cells. 


L’k;. 811. — Skction of human I'ANuukas. ( Biiliin and Davidot'f.) Magnified 450 diamtders. 

The pancreas, although in general structure similar to the salivary glands, 
shows important diflercnces of detail. It secretes no mucus, but an albuminous 
fluid, and is therefore reckoned amongst serous glands. In certain respects it 
resembles tlie parotid gland. Thus in shape* its ah eoli are in man very similar to 
those of the parotid, i.e. they are nearly spherical, although in botli cases from 


A. J3. 

Fio. 812 . — An auvkolus of tiik kauhit’.s fanuheas at rest and in activity. 

(Kiilinc and Lea.) 

A. , during rent, tlic cells loaded with granules, and the inner zone, u, large, and the outer 
zone, 6, narrow. 

B. , after activity, the inner zone small, and the outer zone large and distinctly striated. 

The cell outlines are also now visible, c, lumen of alveolus ; (f, basement-membrane. 

mutual compression the spherical shape may be converted into a roiuidt'd 
angular form ; moreover, during rest they are almost completely filled by the 
secreting cells. The general appearance of the cells is also similar to those of the 
parotid, except that there is always in each secreting cell of the pancreas, even 
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after a period of prolonged inactivity, a well-marked outer zone which is free from 
granules (figs. 811, 812), and in fixed and hardened specimens stains like proto- 
plasm. There are no ducts in the pancreas corresponding in structure to the 
so-called ‘ salivary ducts ’ of tlie salivaryrglands, i.e. tubules of nearly uniform dia- 
meter, ramifying throughout tlie gland and lined by striated columnar epithelium- 
cells which nearly fill the lumen. In the pancreas, on the other hand, the 
ducts diminish regularly in siz(' as they bran(‘h through tlie gland, and the 
branch which passes to 
a lobule gives off to eacli 
alveolus a junctional or in- 
tercalary duct, always small 
in diameter and lined by 
flattened cells ; this duct 
opens abruptly into the 
alveolus. It is also a 
frequent featur(‘ in the 
pancreas to s('e the cells 
of the junctional ducts 
prolonged into the lumen 
of the alveolus, where they 
ar(‘ known as the centro- 
acinar cells (Langc'rhans) 

(fig. 811), an appearance 
seen occasionally, but to a much less (‘xtent, in the parotid and other salivary glands.' 
Lastly, the existence' amongst its lobules of tin' islets of Langerhans, to be pn'senllv 
(h'seribed, serves at once to distinguish the pancreas from all other acinous glands. 

Tin* secretion-granules in the alveolar cells of the pancreas arc readily observed in osmie 
preparations (figs. 8111 to 815) and also in the fresh gland, and may bo seen during life in those* 

parts of the gland which in the rabbit 
and other animals lie between the layers of 
the mesentery ; where the changes which 
take place during secretion can also be 
f()llow(‘d. 'J'liis was first done ])y Kiihne 
and Lea,'* who found the granules gradu- 
ally (o tlisay)pear during secretion, so 
that if the gland be stimulated, e.g. by 
pilocarpin, the clear outer zone of tin* 
cell becomes relatively increased in size 
and tlie granular zone be(;omes confined 
to the free border of each cell (fig. 812). 
Accompanying these (ihanges the cells 
become altogetln*r smaller and their out- 
lines more distinct ; the outer zone of eaeli 
cell appears now also indistinctly striated. 
Similar changes occur as the result of more 
natural methods of provoking secretion, 
such as the injection of secretin into the 
blood-vessels or of acid into the duodenum 
(fig. 814), and the stimulation of the vagus 
nerve (fig. 815).^ The influence of the* 
nucleus in the yiroduction of the secretion, as well as the formation of a paranucleus from which 
the secretion-granules are believed to be formed has already been alluded to (p. 59). ’ As first 
described by Nussbaum, the paranucleus may be invisible during the resting condition of the 

' K. Krause, Arch. f. mikr. Anat. xlv. 1895. 

- 01. Bernard, Memoire sur le pancreas, 18543. Heidelberg Unters. 188'i. 

' Babkin, Rubasekin and Ssawitsch, Arch. f. inikr. Anat. l.xxiv. 1909. 

For the literature see Gamier, Joiirn. de I'Anat. et de la physiol, xx.xvi. 1900. 



Fio. 814. — AnvEOLi or dog’s p.ancke.as aeter a 

I’EKIOD OF ACTIVITY I’KODTICED BY AI*PJ.ICATION 
OF ACID TO MUCOCS MEMBRANE OF DUODENUM. 

(Babkin, Rnbasekin and Ssawitsch.) 
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cell, but becomes conspicuous, in stained preparations, during activity. Its development 
from extruded nuclear matter and the formation from it of the zymogen 'granules have been 

described by some authors, but have been 
denied by others. In any case the secretion - 
granules, in the pancreas as in other glands, 
are probably formed from the particles 
known as cJiondrosomes or mitochondria * (see 
p. 24), which are present in the protoplasm of 
most cells, and are thought to be the chief 
agents in the formation of all structures 
connected with the active functions of cells. 
An enlargement of the nucleus of the pancre- 
atic cell during activity and its transference 
towards the base of the cell was observed 
during life by Kiihne and Lea. 

Various observers, after forcing 

Fin. 815. — Alveoli op dog’s pancreas after a injections from the duct backwards 
PERIOD OP ACTIVITY PRODUCED BY VAGUS sTiMu- into thc alvcoli of thc pancrcas, 
,,vr. 0 N. (liabkin, Huba.ckin and SHawitBch.) intercellular caualiculi, 

comparable to those of the liver, passing from the lumen of an alveolus between 
the secreting cells. These can be shown much more easily, however, by the 




Fig. 816.— Origin of the ducts of the pancreas, as shown by the chromate-of-silver 

METHOD. (E. Miiller.) 

A, duct cut longitudinally, lined by columnar epithelium, and giving off laterally the inter- 
calary or lobular ductules, /;/, to the alveoli, i. The manner in which the ducts commence 
within the alveoli is shown under a liigher power in B. 

^ Regaud, C. r. soc. biol. lUOl); II. Hoven, Aiiat. Anz. x.xxvii. 1910; O. Schiiltze, Anat. Anz. 
xxxviii. 1911. 
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use of the Golgi silver-chromate method (tig. 816, A), and with a high magnifying 
power the canaliculi can be seen penetrating not only between the cells of the 
alveoli, but, according to some authors, even into tlic interior of the colls (B).^ 

Blood-vessels, l3nnphatlcs, and nerves. — The arteries of the pancreas 
are derived from the splenic and hepatic divisions of the cceliac axis, and from the 
inferior pancreatico-duodenal branch of the superior mesenteric. Its veins are 
tributaries of the splenic and superior mesenteric, and therefore belong to the portal 
system. The lym'phatics pass to some of the neighbouring cadiac glands. Their 
arrangement within the pancreas is similar to that found in the salivary glands. 

The nerves arc derived from the solar plexus, and accompany the arteries to 
the organ. They are almost exclusively non-medullated and have minute ganglia 
on them as they traverse the gland. Besides these ganglia, small stellate cells, said 
to be of nervous nature, are found upon the nerves near their distribution to the 
epithelium-cells of the alveoli, over and between which the nerve-fibrils ultimately 
ramify, as in the salivary glands. ^ 

Islets. — The islets oj Langerhans, whi<‘h, as above mentioned, an' peculiar to the 
pancreas, consist of a variabh* 
number of irregular clumps of 
epithelium-like protoplasmic cells 
lying in the interalveolar tissiu' 
of the pancreas ; they are gener- 
ally most numerous in the part 
of the organ which is near tlu' 
spleen (Opie). In Incmatoxylin 
preparations of the gland they 
are less stained than tlu' 
alveoli. In injected prepara- 
tions they are distinguishable by 
the large size, irregular shape, 
and convoluted arrangement of 
their sinus-like capillaries (fig. 

817), which penetrate between the 
epithelium-cells of the islet, so 
that the walls of the capillari(‘s 
come into actual contact with these cells.’* The nerves of the islets also have a 
different arrangement from those of tlie acini,'* while the epithelium-cells are 
clearer than those of the alveoli, and the granules they contain are finer. 
According to Lane,"’ there an? two kinds of cells in^ the islets, having granules of 
diff('rent chemical nature. 

The relationship between the islets an<l the glandular substance of the pancreas is not fully 
cleared up. According to most authors, the islet tissue is directly continuous with the alveolar 
tissue, and the islets may during life become formed at the expense of the alveoli or vice versfi. 
Thus H. Dale '' found that when the pancreas is stimulated to activity by means of secretin 
the islets become greatly increased in size and number, whereas in the resting pancreas they are 
small and relatively few. Dale also found the islet tissue similarly increased after a period of 
hunger,’ from which it would seem that activity of the gland is not alone a sufficient explanation 

^ Cajal and Sala, Trab. d. lab. d. l)ist. d. Barcelona, bSDl ; E. IMiillcr, Arcb. f. inikr. Anat. xl. 181)2; 
S. Dogiel, Arcli, f. Anat. 181):’). On the structure of tlie ducts of tlu; }>ancreas see K. K. Belly, Arch. f. 
niikr. Anat. lii. 181)8. 

- Cajal and Sabi, (p. cif. •” do Witt, Jonrn. Exp. Med. viii. IDOP) (reconstruction-study). 

‘ Pensa, Internat. Moiintscli. f. Anat. u. Physiol, xxii. 11)05. ’ Aincr. Jonrn. Anat. vii. il)()7. 

*' Phil. Trans, B. cxcvii. 11)01. Lowaschevv (Arch. f. inikr. Anat. xxvi. 188()i and Statkewitsch (Arcli. 
f. exp. Pathol, xxxiii. ISD.S) bad previously arrived at similar conclusions. 

' Rennie, liowever, could determine no such increases in a snake which had fasted for many months. 
Intern. Monatschr. f. Anat. u. Physiol, xxvi. 11)01). 
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of the iiicr('<aHe. Ncrlich ' states that in tlie dog canaliculi can be injected in the islets from 
the ducts of the gland. Macallum - found in a case of diabetes in man that there was apparent 
continuity between the islets and the secreting tubules. Vincent and Thompson describe a 
close histological relationship between the secreting alveoli and the islets.'* In confirmation of 
Dale they state that the islets increase in number and size during inanition, and they further find 
(in birds) that on re-nourishing the animal the number and size of the islets again diminishes to 
normal. J.rague.sse ‘ conlirms the observations of Dale and of Vincent and Thompson, and holds 
that the islets increase^ and decrease at the expense of the alvt‘oli. On the other hand, both 
Heiberg '* and Kuster'* state that in number and in size the relat ion of the glandular tissue to 
the islets remains constant, and Dia mare ^ and others have failed to hud in the adult condition 
any connexion bctwc'cn islets and glandular tissue. De Witt^ found the individual variations 
under normal conditions fully as great as under varied conditions of digestion, hunger, and diet. 

Although the view (based mainly on the histological <‘videncc above given) which regards 
the islets as merely a ])art of the general secretory apparatus of the pancreas, altering in amount 
vicariously with the alveoli, is to some* extent supported by the consideration of the mode in 
which they are originally developed, viz. as solid lateral outgrowths from the developing ducts 
of the embryonic ])anereas,’' yet it must be confessed that the dissimilarity in the appearance 
ami staining reactions of their c(‘lls, the sharp diflercntiation which lli(\y generally show against 
th(' secreting alvf'oli,'" and especially the peculiar nature of their blood-sui)ply, renders itdilTicult 
of accej)tance. hor the alteiations which the aIv(‘oli must undergo to b(‘Come converted into 
islet-tissuc! aie of such a pj’ofound nature that it seems impossible for such changes to bt‘ 
brought about as the result of the mere injection of secretin, the action of which is rapid and 
lasts but for u short time." 

The fact that the islet-tissue docs not umhu'go atrophy and ndrogression along with the 
secreting alva^oli when th<‘ ducts of the gland arc obstructed,*'" j^oints to its independence of 
function. There are indeed strong grounds for considering that the islets are concerned with 
that function of the pancreas which dt'als witli the regulation of the metabolism of carbo- 
hydrates,'* interference with which in consequence of removal or disease of tlie organ pro- 
duces diabetes. On this account it is gemTally held that tlie islet-tissue forms in its entirety 
an organ of internal secretion, yi('lding either an enzyme or a liormone which, after passing 
into the hlood, is destined to |)!ay an essential part in th(‘ earhohydrate metabolist!i of the body. 

' Iimug. Diss. l>r('sliui, 

A im r. Med. Sci. t xxxiil. 1UU7. 

Intern. Moiiiitsclir. f. Aicit. u. Physiol, xxiv. ll)U7 and Trans. H. S. Panada., 11>08. These authors 
descrila; a himcii as being sonictinu's present between the cells of the islets in reptih's and (ish(*a. 

' (J. r. HOC, hiol. lia).-), lUOSj ainl lUt)’.) ; Arch, d’aiiat. niicr. xi. T.xr.J; and Joiirn. (I(‘ pliysiol. ct ])atli. xiii. 
IWll. Sc(! Jilso Sauerbeck, Vircli. Arcli, clvxvii. Iltdt; ,1. S. (Joodall and If. (1. Karle, Jlrit. Med. 
dourn. Sept. lUOtl. 

' Anat. Anz. xxix. P.)()(). 

•' ArOi. f. luiki’. Anat. Ixiv. IdOI. 

~ Dianiao*, Intern. Monatsehr. f. Anat. u. Physiol, xvi. 18'.)'.) and xxii. lt)().7 (oltservaiions on fishes). 
Pf, also Ifrlly, Arch. f. miki'. Anat. Ixvii. lUO.I* ; lleiherg, .\nat. An/., xxix. I'.lUfi and xx.xiii. T.)l(), and 
Kyrh', Areli. f. iniUr. Anat. Ixxii. l'.)08. Sia; also tin; artiide by Ifi'iherg in J'h’gebn. d. Anat. xix. 
where tin*, suhjt'ct is discusscMl at hnigth 

' ()}). cit. 

'* Wfichstdfianin and Kyrlo (Arch. f. niikr. Anat. Ixxiv. 190',)) found tlu'ni app<!aring iii tliisway in tho 
human embryo of 8 cm. ; they affirm that no new islets are formod in tlie adult. K. iM. P<>aiee (Amer. 
Journ. Anat. ii. l'.)():)) found tliem growing out from the d<‘velo]»ing duets in an embryo of lo days. Set' 
also Mironesen, Arch, f, mikr, .Anat. Ixxvi. 1910, and Bensl(*y tfootnole M i. 

* ’ In fishes tht‘ islets are uneonneeted with tiif glandular lissut'. One isliT mass is usually much larger 
than the rest (Htmiiiti, Quart, flouni. Micr. Se. xlviii. 1901). 

" This view is strongly sujiported by the ol)servations of Bensley (Ainer. Journ, Anat. xii. 1911), 
wlio has coii' lnsively shown tliai. the variations deserihed by Dalt> and hy Vincent and T'liornpson a.s 
the result of secretin and of iiuiuition are well within normal individual variation. The islets are 
most numerous in ut'w-boru animals. Many disappt'ar as growtli advances, but others may grow from 
the ducts, witli wliieh for the most part they remain connected by small irregular dnt'tules 

W. Sc!ndt/e, Areli. f. mikr. Anat. Ivi. 1900; Tsehassowuikow, Ixvii. 1905 ; de Witt, Amer. 

Journ. Anat. iv. 190,5: Visentiiii, Areli. f. l^hysiol. Siij)pl. I'JOH. 

Thus when atrophy of the alvetdar structure rt'sults from ligature of the ducts, the islet-tissue 
remains unatrophied, and no eliange oeeiirs in tlie carbohyvlrate mtdaholi.sm, but if the shrunken 
remains of the gland be now removed - ineluding of course the islet-tissue diabetes immediately 
results, just as after extirpation of the whole pauereas. Further, it lias bi'on found post /nortem in 
.some ca.ses of pancreatic diabett's tliat tlnwe has been degenerative change in the i.slets alone. Cf. 
Opie, Johns Hopkins Hosp. Bull. 1900 and 1904 ; M. B. Sehmitlt, Miinch, Aled. Wochenschr. xli.x. 190‘2, 
jind Weichselbaum, Wiener Sitzungsb. cxix. 1910. 



THE LIVER. 


The liver, by far tlic largest gland in the body, forms a solid mass of a 
brownish-yellow colour, but of a dark-red and somewliat mottled appearance 
when its vessels are hik'd witli blood. It occuj)ies the uppermost part of the ab- 
dominal cavity, and is closely invested by a layer of peritoneum, which is reflected 
from it in the form of the so-called hgamevts of the liver. Besides this siuous cover- 
ing the liver has a thin capside composed of connective tissue. 

Structure and distribution of blood-vessels. — The liver is composed 
of a very large number of minute portions, each about one millimetre in diameter, 
known as the hepatic lohtdcs {fig. ^IH). ItdiftVrs from all other externally secreting 
elands in the body in the fact that these lobules are solid massi's of cells, and the 



Fic.. 818 , — Section of a I'oktion of liver fassinc. 

LONGITUDINAIJA’ ITIROCdll A CONSIDER.MtEE llEPATK 

VEIN, FROM THE I'Ki. (Alter Kiernaii.) About 

5 diameters. 

H, liepatic veiioua trunk, against wbieli the sides of 
the lobules are applied; //, //, sublobular hepatic veins, 
on which the bases of tlie lobules rest, and through 
the coats of which they arc seen as polygonal ligures; 
/, mouth of the intralobular veins, opening into the 
sublobular veins ; intralobular veins shown passing 
up the centre of somi? divided lobules; c, e, walls of 
the hepatic venous canal, with the [)olygoiial bases of 
the lobules. 


!‘ (In 



Fl(i. H] a.— L oNOITLIDIN A l. SECTION UE A 

FORTAL CANAE, CON I'AININO A FORTAI. 

VEIN, IIF.FATJC ARTERY, AND lIEFA'iTC 

nccT, FROM -IHE FIG. (After Kiornan.) 

About 5 diameters. 

F, braiicli of vena jiorta^,, situated in a 
portal canal, fonnod amongst tJie lobnlt^s of 
tile liver; />, larger branehes of portal 
vein, giving olT snuillcr oiuis named inter- 
lobular veins; ther(* are also seen witliin 
the large portal vein numerous orifices of 
interlobular veins arising directly from it; 
((, hepatic artery; d, biliary duct; at c, the 
vmious wall has been ])artially removed. 


ducts proper remain at tlieir pi'riphery, communicating with the interior of the 
lobule only by secretory canalieuli, the hile-caaaliculi. A further dilh'rence is to b(* 
found in the character of the blood supplied to the organ, which is mainly venous, 
collected into the portal vein from the stomach, intestines, spleen, and pancreas. The 
liver receives also a certain amount of arterial blood brought to it by the hepatic 
artery. Both portal vein and hepatic artery enter the portal fissure on the under- 
surface of the organ along with the hepatic duct, and the branches of all three are 
conducted to every part of the liver, ensheathed by a loose connective tissue termed 
the capsule of Glisson, which passes in at the portal fissure and lies everywhere 

0 o 2 
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Uy branch of liepatic artery ; i\ branch of 
portal vein ; bile-duct ; /, /, lymphaticH in 
the areolar tissue of Glisson's capsule which 
encloscm the vessels. 



H P 


Fig. — Tkuminal huanciiks of hepatic 

VEIN (H) AND POUTAE VEIN (P). (Milll.) 
Magnihed 20 diameters. The vessels 
wt?re injected with celloidin and isolated 
by tln\ corrosion method. The hepatic 
vein is charaettnised by s])iriil con- 
strictions which extend to the smallest 
tributaries. 

S, Sublobiilar branch of hepatic; vein ; 
e, central vein of a lobule ; interlobular 
branch of portal. 



Fig. 821. — Terminal, branchinos oe part of 

THE PORTAL vein WITHIN THE LIVER, 
(Mall.) Twice the natural size. 



Fig. 82 ;l. Ending of branches op hepatic 

ARTERY IN CAPILLARY NE'I’WORK OF LIVER- 
LOBULES. (Mall.) Magnified 40 diameters. 

P, Branch of portal vein ; H, branches of hepatic 
artery accompanying the portal vessel and ending 
in the capillary network of the lobules. 
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between the lobules, separating them more or less from one another.* The blood 
is conveyed in this way to branches of the portal vein, which run everywhere 
between the lobules — hence termed interlobular veins \ these deliver it into a net- 



FJ(J. 8*21.--DlAaUAM.MATlC UE1*JIESKNTATU»X OF TWO HEI'ATIC LoBUEES. (Scliafei*.) 


The left-hand lobule ia represented with the intralobular vein cut across ; in the right-hand 
one the section takes the course of the intralobular vein, 'p^ interlobular branches of the 
portal vein; /i, intralobular branches of the hepatic veins ; .s, snblobnlar vein; c, capillaries of 
the lobules. The arrows indicate the direction of the course of the blood. The liver-cells arc* 
only represented in one part of (*ach lobule. 


work of capillary blood-spaces which pervade the lobul(\s and converge towards the 
centre of each lobule to form a central or intralobular vein (fig. 824). This carries 
thej blood out of the lobule into suhlohular veins, which course through the liver in 



Fig. 825. — Cross-section op a lobule op the human liver, in which the capillauv 

NETWORK between THE INTERLOBULAR AND CENTRAL VEINS HAS BEEN FULLY INJECTEIL 

(Sappey.) Magnified CO diameters, 

1, section of the intralobular or central vein ; 2, its smaller branches collecting blood from 
the capillary network ; 0, interlobular or perij^heral branches of the vena portae with their 
smaller ramifications passing inwards to join the capillary network in the substance of the 
lobule. 

contact with the lobules, but altogether apart from the capsule of Glisson and its 
vessels. The sublobular veins unite to form larger vessels, which ultimately leave the 

^ In some animals {e.g. pig) the lobules are completely separated from one another by the inter- 
lobular connective tissue. 
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posterior part of the organ as the hematic veins, opening into the vena cava inferior. 
The central and sublobular veins are therefore tributaries of the hepatic veins : they 



Fkj. — Part of caimi-lary net\v<»kk of liver at the junction mktwekn two or more 
L oiujLKs. (Mall.) Magnified 85 diameters. 

P, interlobular branclien of portal vein; II, intralobular brandies of hepatic vein. In the 
middle is an area the capillaries of which are not elongated in any s])ecial direction and in 
which the blood passing from P to H must move very slowly. Such an area, is termed by Mall 
a ‘nodal point.' It marks the interconnexion between tlie capillary networks of adjacent 
lobul(‘s. 

are only connected with tlie branches of the portal vein and Jiepatic artiny through 
the capillary channels of the lobules. 

The hepatic artery sends branches -which furnisli capillaries to the capsule of the 



Fio. 827.-—Li\er.cells containing glycogen. (Barfurth.) 


organ, to the walls of the gall-bladder and bile-ducts, outside and within the organ, 
and to the connective tissue of Glisson*s capsule. The blood which has traversed these 


STEUCTURE OF LIVER-LOBULKS 


capillaries enters portal vessels and ultimately goes to the lobules. But most 
of the blood carried by the hepatic artery is distributed directly by its interlobular 





Fk;. .s‘ 2 S. — Kkticui.um ok a livkh-i.oui'lk. (Oppol.) 
r, central V(*iii; /, intcnlobular intc'rval. 

branches to the capillary channels of the lobuh's (tig. 823), which are thus supplied 
with a certain proportion of arterial blood. 

The canals in the livcr-substanoe in whicli nni 

the branches of the portal vein, hepatic artery, 
and bile-duct, surrounded by the loose connective 
tissue of the capsule of Glisson, are hnown as 
portal canals (hgs. 810, 820). 

Each represents a liver in miniature. 

It is composed of a mass of cells (fig. 827) 
supported by reticular connective tissu(‘ ' 

(fig. 828),' and is pierct'd everywhere by con- 
verging capillary blood-channels through 
wliich the blood courses but slowly. These 
blood-channels are not true capillaries, but 
sinusoids. They are not surrounded by con- 
nective tissue containing lympb-spaces, as 
are the capillaries of other gdands, but are „ , 

T . .. -^1x1 1' 11 r ''^- 0 . — SkCTION of I.IVEll OK IIAHBIT 

in direct contact with the liver-cclKs — from injec tkd khom the poutal vein show- 

which they are separated at most by their inthaceleular canaliculi in- 

V • Till' mi • • I * .TECTEI) KROM THE INTERCELLULAR 

lining endothelium, this is, however, in sinusoids. (SchaftT.) 

many places incomplete, and its cells are Most of tlie cells contain two nuclei. 

irregularly branched and more or less isolated 

from their fellows {stellate cells of Kupjjer) ^ ; the result is that the blood flowing 



through the sinusoids comes into direct contact with the liver-cells. In other words, 

P. Mall, Abhandl. d. k. Sachs, (iescllsch. f. Wiss. xvii. 1891 ; A. Oppel, Anat. Anz. vi. 1891. 

- Arch. f. mikr, Anat. xii. 187(5. Also ibid. liv. 1899. See also Herring and Simpson, Proc. Hoy 
Soc. B. Ixxviii. 190(5. 
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the materials for secretion are derived directly from the blood itself, and do not pass 
to the cells through the medium of the lymph. As evidence that there is this free 
contact of the blood with the cells it is found that red blood -corpuscles occur 
occasionally (even in the normal liver) within the liver-cells, and that injection 
material driven even at a low pressure into the portal vein or into the aorta finds 
its way with great ease from the blood-channels of the lobule into the substance of 
the liver-cells (fig. 829 and iiceompanying Plate). This is rendered possible by the 
fact that the cells are permeated by fine branching canaliculi which communicate 
with tlie surface of the cells abutting on tlic sinusoids. This communication of 
intracellular c hannels with blood-vessels is, so far as is known, peculiar to the liver, 
although an intimate relationship between blood-capillaries and tissue-cells is 
common to nearly all internally S(‘creting glands ; of which the liver, on account 
of its glycogenic and urea-forming functions, must be reckoned amongst the most 
important. 8ucli relationship not only enables the cells of the organ to be directly 
nourished from th(‘ blood-plasma, but also adapts them for rc'adily passing the 
products of tlu'ir internal secretion into the blood-stream. 

'the close relationship which s\ibsists between the blood in the capillaries (sinusoids) of the 
liver and the hepatic cells is well shown in the figures of the accompanying Plate, which is 
reproduced from tin* paper l)y Herring and Simpson in the ‘ Proceedings of the Iloyal Society,’ 

B. vol. Ixxviii. In this plate figs. 1 and 2 are taken from the 
normal dog’s liver and show haemoglobin within some of the 
liver-cells : in most cases in the form of a crystal within the 
nucleus (which is elongated by the crystal). Pig. 3 represents 
a small portion of a section of cat’s liver, with sinusoid blood- 
channels between the cells. 3’ho endothelium of the sinusoid 
is defective, and is represented by partially detached cells, two 
of which, s])indlc-shaped in section, are seen ))rojecting into the 
ehannel. These cells are phagocytic and contain granules of 
coloured matter' which is probably derived from disintegrated 
blood-(;orpuselcs. About a dozen erythrocytes are shown within 
t he blood-channels. Pigs. 4 to 9 are all from specimens of liver 
injeet(‘d witli earminc-gelatine. The irregular nature of the 
sinusoid blood-channels, so dilTcreiit from the regular tubular 
eharaeter of ordinary blood-capillaries, is accurately portrayed 
in these ligures, as is the presence of the injecting material in 
the interior of the cells, extending in several into actual contact 
with tb(i nucleus. Of these figures, 4 and 5 are from the rat, 
and were injected from the aorta at a pressure of 80 -100 mra. of 
mercury ; fi from the monkey, injected from the portal vein 
at a ])ressure of GO mm. ; 7 from the dog ; 8 from the cat ; and 
{» from the fowl. The last three were injected from the aorta at a pressure of 100 mm. In no 
t^aso was this pressure exceeded ; in some instances the inferior vena cava was cut and left 
unobstructed throughout. The ])resence of the injection-material in the cells is therefore not 
duo to extravasation caused by high jufssurc, hut must have followed a natural channel. It 
is seen within the liver-cclls in all well-injected specimens, provided the sections are sufficiently 
thin for tlu^ cell-contents to he clearly shown. Pig. 10, which is from a case of chloroform- 
poisoning in a child, shows a liver-eell containing globules of fat (stained by osmic acid) ; 
those are iii direct communication with fat in the interior of a hlood-channcl. 

The question of the relation of the hepatic cells to the blood -channels of the liver is dealt 
with in a complete fashion in the paper by Herring and Simpson, above referred to. The 
intracellular eaiialieuli in question were first described in sections of rabbit-liver by Schafer, in 
J902, hut the necessity of assuming a close rt‘lationship between the blood and liver-cells had 
been previously insisted on by Browicz, who appears to have been the first to describe blood- 
eorpusoles and bicmoglohin crystals within the Jiver-eells.' Browicz also described canaliculi 
within the liver-cells (fig. 830), hut failed to notice their relation to the blood-sinusoids. In 
icterus neonatorum ho found crystals of biliiubin within the nuclei of cells. The passage of 

^ Auz. (1. Akad. <1. Witss. in Krakau, 1897, 1H98, 1899, and 1905 ; Arch. f. niikr. Anat. Iv. 
1900. 
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Pio. 830.— A cm, I, fkom tiik 

HCMAS UVEK IN A CASE 
OV .lAUNDICE, SUOWINO 
ENLAKOEl) INTUACEEIiLI l.AIl 

<'ANAi>iciii.i. (Browicz.) 

71 , one of tlie two nuclei ; 
c, ])art of the network of 
i'analiculi within tlic cyto- 
plasm. 
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injection- material from the blood-vessels into the cells was noticed in the frog by J. H. and 
E. H. Fraser in 1895.* 

Bile- canali cull. — The external secretion — the bile — issues from the cells by 
a special path. Everywhere between the cells, on the sides which are not in con- 
tact with the blood-channels, fine canals — the bile-canaliculi — penetrate, enclosing 
the cells within the meshes of a network of minute tubules which penetrate to 
all parts of the lobule (figs. 831, 832). 



Fig. 831.— Section ov a i.iver-eohule with the bi.ooh-vessels and ducts injected. 

(Cadiat.) 

6, h, Interlobular veins; a, intralobular vein; r, interlobular bile-ducts, with which the bih‘ 
canaliculi from tlie lobule are connected. The caiialiculi have only become injected in th<‘ 
peripheral i)arts of tlie lobule. 

The canaliculi may be shown by injecting the bile-ducts, and also by introducing sulph- 
indigotate of soda into the blood and after a certain lapse of time killing the animal and 
examining the liver, since this colouring-matter is secreted with the bile. But the most 
ready way to exhibit the canaliculi is by treating small portions of liver by the Golgi 
■chromate- of - si I ver method . ‘ 

At the surface of the lobules the bile-canals are larger and are surrounded by 
cubical epithelium-cells, which on the one hand merge into the columnar cells lining 
the interlobular bile-ducts, and on the other are continuous with the cells of the 
liver-lobule. In this way the bile is conducted from all parts of the lobule to its 
periphery and passes there into the interlobular ducts ; tlu'sc convey it towards the 

^ Journ. Anat. and Physiol, xxix. 1805. 

2 See on the biliary canaliculi in animals G. Ketzius, Biol. Unters. iii. 1891 and iv. 1802. 
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portal fissure and so away by the hepatic duct. This last joins with the duct of 
the gall-bladder to form the common bile-duct, which opens into the duodenum 

along with the duct of the pancreas. 

E. B. Mall ‘ has pointed out that although tho 
hepatic lobules aiipear to represent units of liver- 
substance — especially in such animals as the pig 
and camel, in which they are entirely surrounded 
and separated from one another by connective tissue 
continuous with that of Glisson’s capsule — neverthe- 
less it is logical to regard as the true gland-unit the 
area of liver-substance drained by the ultimate 
branch of one of the interlobular bile-ducts, and 
supplied with blood by the ultimate branch of 
one of the interlobular portal veins and by the 
accompanying branch of the hepatic artery. Such 
an area would include portions of several of the 
units usually described as liver-lobules, and would 
more accurately represent the lobule of an ordi- 
nary gland, which is always tho part connected 
with the expansion— simple or branched —of the 
end of a gland-duct, and always receives the 
terminal branch of an artery. 

Tile hepatic cells are protoplasmic 
bodies, polyhedral in shape ; many of them 
have two nuclei. They contain granules and 
globules of various kinds, such as pigment, 
fat, and glycogen (fig. 827), but true secre- 
tion -gran uk'S ]iav(' not been demonstrated 
within them. Tlu'v are probably unitiHl with on(‘ another throngliout the lobule 
into a syncytium by protoplasmic bridges ; tlie intracellular eanaliculi are con- 



Fig. 8}J2.~Skction ok rahhit’s liver with 

THE INTEROELI.ULAR NK'IWORK OK RILE- 
CANALICULI iN.JECTKi), (E. Tiering.) 
Highly magniticcl. 

Two or til roe layers of cells are repre- 
sented; hlood-capillaries. 


A B 




Fig. 8;>3. -Sketches illustrating the mode ok commencement or the bilk-can aliculi 
WITHIN THE LIVER-CELLS. (Heidonluiiii, after Ivupffer.) 

A. Canalicnli of the rabbit’s liver artificially injected from the hepatic duct with Berlin-blue 
solution. The intercellular canalicnli are seen to give off minute twigs, which penetrate into 
tluj liver-eells, and there tevminati* in vacuole-like enlargements. 

B. From a frog’s liver naturally injected with sulph-indigotate of soda. A similar appear- 
ance is obtained, but the communicating twigs are ramified. 

t inuous across these bridges. Tlie secretion which the liver-cells form passes into 
the intercellular bile-canals byfim* channels in the protoplasm of the cells (fig. 833), 
hut it is uncertain if these intracellular channels are preformed or not. 

^ American Journal of Anatomy v. lOO.'S. A similar view of liver-structure has been put forward 
by Sabourin (see Proliant and Bouin, Histologie, t. ii. lUll). 
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Nerve-fibrils have been seen passing to the cells and terminating amongst 
them (fig. 834) and even within them.’ 

Xiymphatics. — Although the lymph of the liver has not the same relation- 
ship to its cells as obtains with other glands, there is no lack of lymphatics either 
in the connective tissue of the capsule of Glisson, or in that which accompanies 
the tributaries of the hepatic veins, and a large amount of lymph is formed in the 
liver and passes out from it by both sets of vessels. It can, however, only enter 
these vessels at the periphery of the lobules (where they communicate with one 
another), for, contrary to what is generally believed and taught, no lymph-vessels 
penetrate into tlie lobule. The descriptions given of lymph-spaces surrounding capil- 


a 



Fig. 8H4. — Plexus of nervk-fiuuii.s within a hepatiu liOUHLK ok i hk pigeon. (Korolkow.) 

Melihyloiic-bluo method. 

(I (ij axis-cyliiiderH of iicrvc-fibres, passing hetwcoii the cell-trahecuhe of the lobule, r ; 
h b, librilH ramifying over the coIIh of the traboculie. 

laries within the lobule are due to a misinterpretation of injected preparations ; as 
a matter of fact tiiere is no interval between the blood-cliannels and hepatic cclls.'^ 
The lymphatics whicli pass out by the portal fissure are joined by a considerable 
lymph-vessel from tlie gall-bladder. The connective-tissue capsule of the liver 
appears to be devoid of lymphatics, but an efferent vessel passes round from the 
portal fissure into the suspensory ligament and conveys part of the lymph of the 
organ towards the diaphragm. 

Bile-ducts and g’all-bladder. — The branches of the bile-duct within the 
capsule of Glisson are formed of a bavscinent-membrane lined with clear columnar 
cells. The hepatic duct has in addition a coat composed of fibrous and plain 
muscular tissue running circularly, and this is also the structure of the cystic duct 
and of the common bile-duct. The larger branches of the bile-ducts within the 

^ Korolkow, Anat. Aiiz. viii. 181)3. See atso A. B. Macalliim, Quart. Journ. Micr. Sci. xxvii. 1887 ; 
H. J. Berkley, Anat. Anz. viii. 1893 ; Allegra, Aiiat. Anz. xxv. 1904. 

2 See on the lymphatics of the liver Herring and Simpson (oji. cit.). Full reference to the literature 
of the subject will be found in their paper. 
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liver, as well as the main hepatic, cystic, and common bile-ducts, have small com- 
pound tubulo-racemose glands opening on their inner surface (fig. 835). In most 
parts the glands are numerous, but they become rarer in the cystic duct, near the 


V : ' \ 



Fio. 8515. — Section across hepatic duct. (v. Ehner.) Magnilied 16 diameters. 

Iv, lumen of duct rendered irregular by folds and by the orifices of numerous small glands 
wliich open into it ; <'/, alveoli of glands; />, loose connective tissue with blood-vessels and a few 
fat-cells; w, plain muscle fibres, for the most part taking a circular direction. 

gall-bladder, and in the latt(‘r are generally altogether absent : if present they are 
found near the neck. In tlie neighbourhood of the portal fissure they are very ex- 


A B 



Fio. 8516.- -Sections ok the wall ok the oall-rladder. (Sommer.) 

A, Under a low magnifying power. </, muscular coat; a fold of mucous membrane; 

(\ columnar epithelium; rf, portion represented in B more highly magnified. 

B, magnified portion of epithelium and subjacent coriurn. e, striated border; /, mucigeu- 
grauules in cells ; g, blood capillaries. 

tensively developed in connexion with the hepatic duct. Besides these true glands 
tlu're occur diverticula of varying size and length loading off from the hepatic duct 
and its larger branches, whi(!li ramify in the connective tissue of the capsule of 
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Glisson, in which they form a network of anastomosing tubules. All these glands 
and diverticula are lined by columnar epithelium, amongst which are found ii 
varying number of goblet-cells. 

The grall-bladder has a mucous membrane internally, lined with columnar 
cells (fig. 836) : this membrane is commonly thrown into folds (rugse), some of which 
near the neck are permanent. Externally to the mucous membrane are a fibrous 
and a muscular coat, with a considerable amount of elastic tissue. The liver is 
the only gland of the alimentary canal provided with a reservoir in which secre- 
tion can be stored in the intervals of its discharge. Some animals are destitute 
of a gall-bladder. 

The epithelium of the gall-bladder resembles on the whole that which lines 
the small intestine (fig. 836, B), and is usually stated to have a similar striated 
border. The cells secrete mucus. According to Sobotta and Sommer ' the appeai - 
ance of a border is produced by mucin-droplets, which are also seen in the greater 
part of the cell-body. The nuclei lie near the base of the cells. 

Agata ^ has described a net-like structure within the cells lining the gall-bladder similar to 
that which has been noticed in other columnar epithelium-cells (see p. 25). 

^ Verbandl. d. Anat. Gcsellsch. in Anat. An;^. l‘J09. 

“ Arch. f. iTiikr. Anat. Ixxvii. Abt. I. 1911. 
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BotJi in general structure and in mode of development the lungs resemble 
secreting glands, the chief difference being that the comparatively thick proto- 
plasmic cells of the alveoli of secreting glands become represented after birth in 
the pulmonary alveoli by a very thin flattened epithelium, which can only be 
brought clearly to view by the use of the silver-nitrate method. The ducts of a 
secreting gland are represented in the lungs by the trachea and bronchi with all 
their raraifleations in the substance of these organs. A section of developing lung 
is in fact by no means unlike a section of a. developing tubulo-racemose gland, 
as may be se(‘n l)y referring to iig. 854. The fumdion of the lungs in respiration 
necessitates rhythmic changes in their volume, and this is permitted by their 
enclosure within the thorax, all the changes of volume of which they readily and 
iiniformly follow. The outer surface of the lung glides over the inner surface of the 
thoracic cage by virtue of the fact that the cavity in which the lung lies is lined by 
a s(wous membrane (pleura) whicli is reflected over its surface. Each lung is there- 
fore free to move except at the part on its inner surface, the hilum or root, where 
this reflection occurs, and there the bronchi and the blood- and lymph-vessels and 
nerves enter or leave the organ. 

The upper emd of the tracluai at its opening into tlie pharynx is modified to 
form the larynx or organ of voiccx Iflie structure of this will bt' first considered. 


THE LARYNX. 

TJie hirynx is formed of a numbei-of separate cartilages held together by fibrous 
tissue and capable of being mov(*d by muscles, some of which (extrinsic muscles) 
pass to them from outside and others (intrinsic muscles) either extend from one 
(•artilagc to the other or are so disposed as to produce constriction of the orifice. 
Of the several cartilages which make up tln^ framework of th(‘ larynx the two 
largest, viz. the thyroid and cricoid, are of the hyaline variety; the arytenoids 
are mainly hyaline, but acquire (flastic fibres at their apices and in their vocal 
processes, whilst the carlilaye of the epiylottis, the cartilages of Santorini, and the 
rartilages of Ibr?'.s7;crf/ (wheii present) are elastic cartilage. Those which are hyaline 
show a tendency to ossify : this process may begin as early as the tw'entieth 
year in the thyroid and cric(jid, and a few years later in the arytenoids. 

The cavity of tlie larynx is divided into a,n upj)er and a lower compartment by 
the comparatively narrow aperture of the glottis, or rinm glottidis, the margins of 
which, in their anterior two-thirds, are formed by the lower or true vocal cords ; 
the whole laryngeal cavity, viewed in transverse vertical section (fig. 837), thus 
presents the appearance of an hour-glass. The upper compartment, often called 
the vestibule, communicates with the pharynx by the superior aperture of the larynx, 
and contains immediately above the rima glottidis the ventricles (,9), with their 
pouches or saccules {s'), and the upper or false vocal cords. The lower compartment 
passes infcriorly into tin*, tube of the windpipe without any marked constriction or 
delimitation between them. The whole of the interior of the larynx is lined by 
mucous membrane. 

The superior vocal cords or ventricular bands, also called false vocal cords, 
because they arc not immediately concerned in the production of the voice, are 
prominent rounded folds of mucous membrane enclosing very numerous glands. 
They form somewhat arched projections, immediately above the corresponding 
ventricle (fig. 838, b). 
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The inferior or true vocal cords, the structures by fche vibration of which 
the sounds of the voice are produced, bound the anterior two-thirds of the 
aperture of the glottis, corresponding with the thyro -arytenoid ligaments, the 
projecting edge of which forms the vocal cord on each side. The cords are situated 
at the inner and free edge of a mass of tissue triangular on coronal section 
(fig. 838). One surface of this mass looks upwards, and forms the floor of the 
ventricle, another looks downwards and inwards, and bounds the lower division of 
the laryngeal cavity, while the third is external and is in contact with the antero- 
posterior bundles of the thyro-arytenoid muscle. The cords themselves an* com- 


posed of closely arranged fine clastic 
fibres which extend from the angle of the 
thyroid cartilage in front to the vocal 



8:}7. — Antkiuok jiai.f ok a cokonai. 

SECTION 'I'lllioucill 'J’llE r,ARYNX NEAlt ITS 

MIDDLE. (Alien Thomson.) 

1, upf>cr (livisioii of the laryngeal cavity; 
•J, central ]>oi tioii ; U, lower division, continued 
into 4, traehea; c, the free part of the epiglottis; 
c', its cushion ; //, great cornu of the hyoid bone; 
///, thyro-hyoid menihrane ; thyroid cartilage; 
c, cricoid cartilage ; r, lirst ring of the trachea ; 
/n, thyro-aryt(‘noid muscle; r/, inferior thyro- 
arytenoid ligament in tlie membrane of the true 
vocal cord at tlie riina glottidis ; s, the ventricle; 
above this, the superior or false cords; .s', the 
sacculus or poucli opened on the right side by 
<;arrying the section furtlier forward. 


jtrocess of each arytenoid cartilage behind. 
The vocal cords arc continuous above and 
below with the adjacent elastic tissue 



I'T(i. S.4H. Veutk'al hectd)N tiiuouoh i iie vkn 
TRICLE OK THE LAK\ N \ OK A CHI ED. (Klein.) 

a, stratilied epithelium over trin; vocal cord; 
h, eiliatt'd epitheliuiii over false* vocal cord ; e, nodule 
of elastic cartilage (cartilage of Lusclika); r/, voii 
trifle; /, lym])lH)id tissue; ///, bundles of tliyro 
arytenoid muscle, cut across. 


and elastic ligamaiits of the larynx. The mucous membrane covering them is so 
thin and closely adherent as to show the yellowish colour of the ligaments through it. 

A small nodule of elastic cartilage (carlilage of Luschka) is found in the anterior 
and inferior part of the vocal cord (fig. 838, c). 

The ventricles or sinuses of the larynx (fig. 837) lie between tlie false and 
true vocal cords (fig. 838, d). They are lined by ciliated epithelium ; their mucous 
membrane contains a large amount of lymphoid tissue. 

The small recess named the laryngeal pouch leads from the anterior part of the 
ventricle upwards, for the space of half an inch. Numerous small mucous glands, 
sixty or seventy in number, open into its interior, and it is surrounded by a quantity 
of fat. 
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The mucous membrane of the larynx. — The laryngeal mucous membrane 
is thin and of a pale colour. In some situations it adheresclosely to the subjacent 
parts, especially on the epiglottis, and still more so in passing over the true vocal 
cords, on which it is very thin. In and near the aryte no -epiglottic folds it 
(iovers a quantity of loose areolar tissue, which is liable in disease to infiltration^ 
constituting oedema of the glottis. Like the mucous membrane in the rest of 
the air-passages, that of the larynx is covered in the greater part of its extent 
with a columnar epithelium provided with cilia (fig. 839) by the action of which 
the mucus is urged upwards ; but at the edges of the superior orifice and over the 
upper part of the back of the epiglottis the epithelium assumes a stratified 
form, as in the pharynx and mouth. Upon the true vocal cords also the 
(Epithelium is stratified, although both above and below them it is columnar and 

ciliated. Patches of stratified epithelium 
are likewise found here and there in the 
ciliated tract above the glottis. The an- 
terior surface of the epiglottis is covered 
by stratified epithelium, which is thicker 
than that on the posterior surface where 
no microscopic papilla) project into 
it from the corium. Taste-buds are 
here and there found imbedded in the 
stratified epithelium of the larynx (but 
not over the vocal cords). The ciliated 
epithelium-cells, between which numerous 
goblet-cells occur, rest on a thick basement- 
membrane, and tlie corium of the mucous 
membrane below this contains much lym- 
phoid tissue and many elastic fibres (fig. 839), 
as in the trachea. 

The lining membrane of the larynx 
is provided with tubulo^ racemose glands, 
which secrete an abundant mucus. Their 
orifices may be seen almost everywhere 
excepting upon and near the true vocal 
cords. They abound particularly upon the 
epiglottis, in tlie substance of which are 
found upwards of fifty small compound glands, some of them perforating the 
cartilage. Between the anterior surface of the epiglottis, the hyoid bone, and the 
root of the tongue is a mass of yellowish fat, erroneously named the epiglottic- 
gland, in or upon which some small glands may exist. Another collection of 
glands is placed within the fold of mucous membrane in front of each arytenoid 
cartilage, from which a series may be traced forwards, along the corresponding 
superior vocal cord. The glands of the laryngeal pouches have already been 
noticed. 

Vessels and nerves of the larynx. — The arteries of the larynx are derived 
from the superior thyroid, a branch of the external carotid, and from the inferior 
thyroid, a branch of the subclavian. The veins join the superior, middle, and inferior 
thyroid veins. The lym'plmtics are divisible into two sets, upper and lower. The 
upper pierce the thyro-hyoid membrane and join glands near the bifurcation of the 
common carotid artery ; the lower pass through the crico-thyroid membrane, and 
end either in one or two small glands often found in front of that membrane, or in 
some inferior laryngeal glands at the side of the lower part of the larynx. Their 
mode of distribution resembles that in the trachea. The nerves are supplied 



Fm. 8S0. -Section ok mucous memhkank 
OF LARYNX. (Merkel.) 

//, a goblet-cell amougHt the ciliated 
epitheliuni-celld ; h, basement-membrane; 

lymplioid tissue ; e, elastic fibres, cut 
across. 





Section across the trachea of an eight-year old child (Sobotta). 
Magnified 67« diameters. Haematoxylin-eosin. 
ep, epithelium; gl, glands; c, cartilage; m, muscular layer; stn, sub' 
mucosa; mm, mucous membrane. 
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from tlie superior laryngeal and inferior or recurrent laryngeal branches of the 
pneumogastric nerves, joined by branches of the sympathetic. The superior 
laryngeal nerves supply the mucous membrane and the crico-thyroid muscles, and 
also, in part, the arytenoid muscle. Tlie inferior laryngeal nerves supply, in part, the 
arytenoid muscle, and all the other muscles, excepting the crico-thyroid. 

The superior and inferior laryngeal nerves of each side communicate with each 
other in two places, viz. at tlie back of the larynx beneath the pharyngeal mucous 
membrane, and on the side of the larynx under the ala of the thyroid cartilage. 
Numerous ganglion-cells are found on the branches, both on those which enter the 
muscles, and on those under the mucous membrane. End-bulbs are also found 
in the mucous membrane which covers the posterior surface of the epiglottis 
(Lindernann). Other nerve-bundles enter the epithelium, within which they 
end in arborisations of fine Abrils (fig. 840). 



Fia. 840.— 'Intba-epitheltal nebyk-tebminations in the labynx, ((r. Retzins.) 
Silvor-ehroniate preparation. 

The section is taken at a place where tlio ciliated epithelimii passes into stratified. 


The following papers relate to the minute structure of the larynx ; ]^onda, Arch. f. Physiol. 
1895 (vocal cords); Boldyrcw, Arch. f. mikr. Anat. vii. 1871 (nerves and vessels): Chievitz, 
Arch. f. Anat. 1882 (os.sif.) : Dion, Arch. f. mikr. Anat. xi. 1875 ; H. Eichler, Arch. f. Anat. 
1911 (larynx of domestic animals); 8. Exner, 8itz. d. Wiener Akad. 1884, Virch. Arch, cxxxi. 
1893 and Arch. f. Physiol. 1893 (nerves); Friinkel, Arch. f. Laryngol. vii. 1893 (vocal cords) ; 
Friedrich, Arch. f. Laryngol. iv. 1890 ; Sophie Fuchs-Holfring, Arch. f. mikr. Anat. Hi. 1898 
and liv. 1899 (glands) ; Heymann, Virch. Arch, cxviii. 1889 (epithelium and glands) ; 
Kanthack, Virch. Arch, cxvii. 1889 (vocal cords) ; Luschka, Arch. f. mikr. Anat. v. 1809 
(ventricle) ; F. Merkel, artieh^ ‘ Kehlkopf,’ in v. Bardelcben’s Haiidbuch der Anatomic, 1902 ; 
Beinkc, Anat. Hefte, ix. 1897 (vocal cords) ; G. Betzius, Biol. Unters. iv. 1892 (nerves) ; 
W. Stirling, Journ. Anat. and Physiol, xvii. 1883 (nerves of epiglottis) ; Verson in Stricker’.s 
Handbook, 1871. 


THE TRACHEA AND BRONCHI. 

Trachea. — The trachea^e()nsi.st.s of a framework of incomplete cartilaginous 
rings or hoops united by fibrous and clastic connective tissue, and behind, where 
the tube is flattened, by plain muscular ti.ssue also. It is lined throughout by a 
mucous membrane, and provided with glands. 

The cartilagres are from sixteen to twenty in number. Each forms a curve of 
rather more than two-tiiirds of a circle, resembling the letter C (see accompanying 
Plate). The depth of each cartilage from above downwards is three or four milli- 
metres, and the tliickness 1 mm. The outer surface of (‘ach is flat, l)ut tlu^ inner is 
convex from above downwards, so as to give greati'r tliickness in tlie middle than at 
the upper and lower edge. The cartilages are held together by strong connective 
ti.ssue, wliich is elastic and yielding to a certain extmit, and not only occupies tlie 
intervals between the cartilages, but is prolonged over their outer and inner surfaces, 
so that they are, as it were, imbedded in the tissue. 

i 4f| The cartilages terminate abruptly behind by rounded ends, but the connective 
tissue is continued across between them, and completes the tube ; in this situation 
it is looser in its texture. 

The first or highest cartilage, connected by the general sheet of connective tissue 
with the cricoid cartilage of the larynx, is broader than the rest, and often divided 
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at one end. Sometimes it coalesces to a greater or less extent with the cricoid or 
with the next hoop below. The lowest cartilage, placed at the bifurcation of the 
trachea, is peculiar in shap(*, its lower border being prolonged downwards in the 
middle line, and at the same time bent backwards so as to form a curved pro- 
jection between the two bronchi. The cartilage next above this is slightly deepened 
in the middle line. Sometimes the extremities of two adjacent cartilages are 
united, and not infrequently a cartilage is divided at one end into two short 
branches, the opposite end of that next it being likewise bifurcated so as to maintain 
the parallelism of the entire series. The use of these cartilaginous hoops is to keep 
the windpipe open, a condition essential for tlie free passage of air into the lungs. 



Fig. 841. — Longitudinal section of the human tbachea, including poktions of two 
CAUTiLAGiNous ltiN(iS. (Klciii and Noble Sinitli.) Moderately niagnilied. 

G, ciliated epitlieliuin ; baseineni-incmbranc ; c, superficial part of the mucous membrane, 
containing the sections of numerous capillary blood-vessels and much lymphoid tissue ; 
r/, deeper part of the mucous membrane, consisting mainly of elastic fibres ; e, submucous 
areolar tissue, containing the larger blood-vessels, small mucous glands (their ducts and alveoli 
are seen in section), fat, Ac. ; /, connective tissue investing and uniting the cartilages ; (/, a 
small mass of adipose tissue in this layer; //, cartilage. 

Within the sheet of connective tissue at the posterior flattened part of the 
trachea is a continuous pale reddish layer of imstriped muscular fibres (ni in 
Plate), which pass across, not only between the ends of the cartilages, but also 
opposite the intervals ; they doubtless serve to narrow the tube by approximating 
th(^ ends of the cartilages. Those opposite the hoops are attached to the extremities 
of the latter, and encroach also for a short distance upon their inner surface. 
Outside the transverse fibres are a few fasciculi having a longitudinal direction. 

The submucous tissue consists of loose areolar tissue which serves to connect the 
mucous membrane with the fibrous layer and the cartilaginous rings. It contains 
mucous glands, and a quantity of adipose tissue is often found in it. 

The mucous membrane is smooth and of a pale pinkish white colour in health, 
although, when congested or inflamed, it becomes intensely purple or crimson. 
It contains a considerable amount of lymphoid tissue. Underneath the epithelium 
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is a basement-membrane (figs. 841, 842, 6), well marked in the human trachea, 
through which nerves and processes from the subjacent connective- tissue cells 
here and there pass into the epithelium. Throughout the mucous membrane a 
number of fine elastic fibres are found, but in the deeper parts the elastic fibres are 
very large and numerous {d). Along the posterior membranous part they are 
more abundant than elsewhere, and are there collected into distinct longitudinal 
bundles, which produce visible elevations or llutings of the mucous membrane. These 
bundles are particularly strong and numerous opposite the bifurcation of tlu‘ trachea . 

The epithelium consists of a layer of long columnar ciliated cells, often very 
irregular at their fixed end, where they are impressed by smaller cells, between 
which they penetrate to reach the basement-membrane. The cilia serve to drive 




Fig. 81‘2.“A PATiT OF tttk hkction represented 

IN THE PRECEDING FIGURE MORE HIGHLY 
MAGNIFIED. (Klein and Noble Smith.) 

The letters represent the same parts as in that 
figure. 


the mucous secretion upwards 
towards the larynx. Between these 
ciliated cells are found others, also 



rn^ 771,^ 


Fig. 8411. - Cheated epttuelium- 

CELLS FROM THE TRAe.HEA OF 
THE RABBIT. (Scliiifor.) Highly 
imigniiied. 

m^, ?»“, nv\ mucus-secrcting cells, 
lying between the ciliated cells, and 
seen in various stages of mucin- 
foi'inaiion. 


elongated ; they are prolonged at one end towards the surface, whilst the other 
end, which is not infrequently forked, reaches to the subjacent membrane. These 
intermediate cells secrete mucus, the globules of which are to be seen in them in 
various stages of formation ; some are seen to have become converted into goblet- 
cells by the extrusion of their mucinoid contents (fig. 843). A few lymph-corpuscles 
are also found amongst the epithelial cells, as in other epithelia. 

The trachea is provided with numerous small mucous (jlands. The largest are 
situated at the back part of the tube, cither close upon the outer surface of the 
fibrous layer, or occupying little recesses formed between its meshes. Smaller 
glands are found between the cartilaginous rings upon and within the fibrous 
membrane, and still smaller ones close beneath the mucous membrane. They are 
racemose glands, and their alveoli are lined by columnar epithelium : the ex- 
cretory ducts pass through the muscular layer and the mucous membrane, on the 
surface of which their orifices arc perceptible. 

Vessels and nerves. — The arteries of the trachea are principally derived 
from the inferior thyroid. The larger branches run for some distance longitudinally 
and then join a superficial capillary plexus with polyhedral meshes. The veins 

p p’2 
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enter the adjacent plexuses of the thyroid veins. A rich plexus of lymphatics may 
readily be injected in the mucous membrane and submucous tissue, where they form 
separate networks, but the lymphoid follicles, so common in the alimentary mucous 
membrane, and also in the walls of the smaller bronchi, are rarely present. When 
they occur they usually surround the ducts of the glands as they pass through the 
mucous membrane. The nerves come from the trunk and recurrent branches of 
the pneumo gastric, and from the sympathetic system. There are numerous ganglia 
upon them, especially outside the muscular layer at the back of the tube. Nerve- 


fibrils penetrate between the epithelium- 
In the dog, cat, sheep, and rabbit, 
chiefly by the superior laryngeal nerve, 
through tlu‘. anastomosis between the 
superior and inferior nerves in tlie 
larynx (Kandarazi). 

Bronchi. — Tiie general structure of 
the undivided portions of the bronchi 



B, termination of lobular bronchiole in V, 
vewtibule, by incariH of which it communicates 
with the atria, A ; S, air-sac, opening out of 
atrium, ami beset witli air-cells, C ; P, lobular 
arteriole ; T, one of the lobular venules. 


cells. 

the upper half of the trachea is supplied 

V s 
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Fin. 845. ~ Section of lung (human). 

(F. Merkel.) Low power. 

a, artery ; c, vein ; small bronchial tube 
opening into terminal or lobular bronchiole, wliich 
communicates with the groups of alveoli (air-sacs, s). 


corresponds with that of the trachea in every particular. Their cartilaginous rings, 
which resemble tliose of the trachea in being imperfect behind, are, however, shorter 
and narrower. The number of these rings on the right side varies from six to eight, 
whilst on the left the number is from nine to twelve. 

The bronchi arc supplied by the bronchial arteries and veins, and the nerves are 
from the same source as those of the trachea. 


THE LUNGS. 

Termination of the bronchi f structure of the bronchial tubes. — 

The principal divisions of the bronchi, as they pass into the lungs, divide into 
tubes of less calibre, and these again subdivide in succession into smaller and 
smaller tubes, often distinguished as bronchia, bronchioles, or bronchial tubes, which, 
diverging in all directions, never anastomose, but terminate separately. The larger 
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branches pass off at acute angles, but the more remote and smaller ramifications 
spring less acutely. After a certain stage of subdivision each bronchial tube, 
reduced to a small size (about 0*2 mm.), is termed a lobular ot ter^nmal hronckiolcy 
and its walls become beset here and there with small hemispherical saccules, termed 



Fig, 846. — Cast of louulk of doo’s lung, showing a single infundibulum ok air-sac. 

(W. S. Miller.) 

,4, atrium; F, vestibule ; air-sac (infundibulum); P, section of the neck of a second 
air-sac (cut away). The irregular projections on the atrium and air-sac are the alveoli. 

air-cells, or alveoli. Each lobular bronchiole ends in a so-called vestibule, out of 
which open dilatations, which have been termed atria by W. S. Miller. Each atrium 
is continued into two or more blind and sacculaU'd (liv(*rticula, the injuvdihuJa, 
or air-sacs (Miller) : their walls are completely covered with alveoli, wiiich are 
also found on the walls of the vestibule and atrium (figs. 841 to 846). 



Fig. 847.— Portion op a transverse section of a bronchial tube, human (6 mm. in 
diameter). (F. E. Schultze.) Magnifitid 30 diameters. 

a, cartilage and fibrous layer with mucous glands, and, in the outer part, a little fat; in the 
middle, the duct of a gland opens on the inner surface of the tube; 6, annular layer of 
involuntary muscular fibres ; c, elastic layer, the elastic fibres in bundles which are seen cut 
across ; d, columnar ciliated epithelium. 

Within the lungs the air- tubes are not flattened on one aspect like the bronchi and 
trachea, but form completely cylindrical tubes. Although they contain the same 
elements as the larger air-passages, they are reduced gradually to a state of greater 
tenuity, possessing throughout certain peculiarities of structure. Thus, tlu‘ cartilages 
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no longer appear as imperfect rings running only upon the front and lateral surfaces 
of the air-tube, but are disposed over all sides of the tubes in the form of irregularly 
shaped plates and incornpletci rings of various sizes (fig. 845). These are most 



Fl(i. 848. — SEc:T10N op MUCOOS MKMlillANK AND MnSCUJ.AK COA'J’ OF A DRONCHIAL 
TUBE. (Selliifor.) Magnified 200 (Hamett'rs. 

a, c iliated (‘pitlielium ; l)asement-nicml)rano ; e, superficial part of mucous incimbrane, 
with fine elastic fibre's; c/, deeper part witli numerous coarser fibres; e, plain muscle of 
bronchus; J\ duct of a gland passing through mucous membrane. 

developed at the points of division of the bronchia, wJiere they form a sharp concave 
ridge projecting inwards into the tube. They may be traced, becoming rarer and 
rarer and more reduced in size, as far as broncJiia one millimetre in diameter, 



Flu. 840. — Sec:TI()N of a SMAf.L imONCHIAL TUBE (4 MM. IN DIAMETER) FROM THE 
pju’s LUNG. (F. E. Schultze.) Magnified 240 diameters. 

(I, filirous layer; b, muscular layer; c, mucous membrane in longitudinal folds, with 
numerous longitudinally running elastic fibres cut across; d, ciliated epithelium ; /, surround- 
ing alveoli. 

Tl»e folding of the mucous membrane is probably the result of strong post-mortem 
contraction of the muscular layer. 

after which they disappear. The general sheet of connective tissue extends 
to the smallest tubes, becoming thinner by degrees, and degenerating into areolar 
tissue. In it are mucous and muco-serous glands which send their ducts to open on 



PULMONARY ALVEOLI 


588 


the mucous membrane. These occur most numerously in the larger tubes ; in those 
which measure less than 1 mm. they are rarely if ever found. The mucous mem- 
brane, which extends throughout the whole system of air-passages, is also thinner 
than in the trachea and bronchus, but it retains its ciliated columnar epithelium 
(figs. 847 to 850). The longitudinal bundles of elastic fibres, which cliic'fly lie in the 
deeper part of the mucous membrane, are very distinct in both the large and small 
bronchia, and may be followed by dissection as far as the tube can be laid open, 
and by the microscope into the smallest tubes (fig. 850). The muscular fibres, 
which in the trachea and bronchi are confined to the back part of the tube, surround 
the bronchial tubes as a continuous layer of annular fibres, lying inside the 
cartilaginous plates ; they are found, however, beyond the place where the cartilages 
cease to exist, and appear as irregular annular fasciculi even in the smallest tubes. 

Pulmonary alveoli. — At the point where the small bronchial tubes lose their 
cylindrical character, and begin to be beset with air-cells, their structure also gradu- 
ally undergoes a change. The muscular layer almost disappears, the longitudinal 



Fi(i. 850, Section of a smat.l itRONciiiAL tuf.e, human. (SoboLta.) Maf'nitied 280 dininoters. 
Tlio clastic fibres of tlie mucous im!nd)raiH! arc stained. 


elastic bundles are broken up into an interlacement of elastic tissue, which surrounds 
the mouths of the air-cells and the walls of the infundibula (fig. 851), and the columnar 
ciliated epithelium gives place to a stratum of non-ciliated cells. The change in 
the character of the epithelium first occurs in the lobular bronchioles, where patches 
of small pavement-epithelium cells begin to appear amongst the ciliated cells, 
especially in the neighbourhood of the air-cells upon the walls of these tubes. At 
the end of the lobular bronchiole, near the atrium, all the cells which line the wall 
of the tube are of the non-ciliated pavement variety. But the air-cells themselves, 
both those which are scattered over the respiratory bronchioles and those which 
cover the infundibula, as well as intermediate portions of the infundibula wliich 
occur here and there between the air-cells, possess an epitlu'lium of a peculiar cha- 
racter (fig. 852). The cells of this epithelium are of two kinds, viz. : 1, large, thin, 
very delicate cells, irregular in size and shape, lying over the blood-vessels, but also 
in many cases extending over the interstices between them ; and, 2, small, flat, 
polygonal, nucleated cells, which lie singly or in small groups of two or three, 
between the others, and always in the interstices of the capillary network. These 
are similar to the cells found in patches in the lobular bronchioles. If the lung 
is greatly distended they also become flattened out. 
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In the f<rtu8 the alveoli are entirely lined with small granular ])avenient-eells, but with 
the distension which follows u|x)n the first respiratory efforts most of the cells become trans- 
formed into the large thin epithelial scales above describ(‘d. 

The walls of the alveoli, which mainly eonsist of delicate fibrillated connective 
tissue (fig. 851), with corpuscles scattered here and there, are supported and 



strengthened by scattered coiled elastic fibres. These fibres are especially 
numerous near the orifices of the alveoli, in addition to which, according to 
some authorities, there is likewise an intermixture of muscular fibre-cells. 

The alveoli vary greatly in appearance in vsections of the lung, according to the 
state of distension of the organ, and although they are usually described as hemi- 
spherical, their shape is generally irregularly angular, with rounded angles. 
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They are readily seen in a lung which has been inflated with air, although 
under these conditions they are usually distorted ; also upon portions of lung 
injected with mercury or wax or collodion. In tlie lungs of some animals, 



Pig. 852 .— Section of part of cat’s lung, stained with nitrate of silver. (Klein and 
Noble Sinitli.) Highly magnified. 

The small granular and the large flattened cells of the alveoli are shown. In the middle is 
a section of a terminal bronchial tube, with a patch of the granular epithelium-cells on one side. 


as the lion, cat, and dog, they are large enougli to be distinctly visible on 
the surface of the organ. In tlie adult human lung their diameter in a condi- 
tion of moderate distension is usually about 0*25 rum. inch), but varies 

from 0*1 mm. to 0*4 mm. ; they ^ 

are larger on the surface than in y / V 

the interior, and largest towards A X. \ 

the thin edges of the organ ; they 1 

are also large at the apex of 1 

the lung. Their dimensions go ^ V 

on increasing from birth to old (> 

ag(*, and they are larger in men ^ T 

than in women. In the infant ^ X/ 

the diameter is usually under — %-'A 

0*12 mm. It is calculated by ' 

Aeby that there are from 300 ^ > y- ' 

million to 400 inilliori alveoli in \ X / i 

the human lung. gr,3 — I>oktIOX of the outer surface of the cow’s 

The whole lung has therefore ■ eung. (From Klilliker, after Karting.) Magnided 
a lobulated structure, like that ao diamcteis. 

] 11 H, pulmonary alvooli filled artificially with wax ; h, the 

of u compound racemose gland. ....ujins of the Lallest lobule». 

In the fa3tus the lungs present 

at one time very mucdi the appearance of a racemose gland in process of develop- 
ment (fig. 854). The infundibula may be regarded as corresponding to the smallest 
or ultimate lobules of such a gland. They are represented by polygonal areas 
enclosing groups of six or eight air-cells which are seen at the surface of the lung 
(fig. 853). They are grouped into larger or secondary lobules, and these again into 
yet larger divivsions. The various lobules are united and separated by connective 


UTEK SURFACE OE THE COW’S 

LUNG. (From Kiilliker, after Karting.) Magnified 
.HO diameters. 

H, pulmonary alvooli filled artificially with wax ; h, the 
margins of the smallest lobules. 
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tissue in variable amount, more between the larger and less between the smaller 
groups. From the mutual compression to which they are subjected the lobules 
and alveoli are bounded by flattened sides, and they are compactly fitted both to 
one another and between the larger air-tubes and vessels of the lungs. ' 

Blood-vesBels, Isrmphatics, and nerves of the lungrs. Pulmonary 
veBBels. — The branches of the 'pulmonary artery accompany the bronchial tubes, 
but in their remote ramifications they subdivide further, a branch passing to each 
atrium, and being distributed to the capillary network of all the infundibula 
which open out of it (fig. 844, P). The venules commence on the outer border 
of the air-sacs, and course independently of the arterioles. The main arterial 



Fi(i. 854. — From a seciion of lung of pig-emiirvo, 13 cm. i.oxg, showing the geandular 
CHARACTER OF THE DEVELOPING ALVEOLI. (J. M. Flint.) Magiiitied 70 diameters. 

rt, interstitial connective tissue; b, a bronchial tube; r, an alveolus; Z, lymphatic clefts 

yy, pleura. 

trunk runs immediately behind the main bronchial trunk, giving off corre- 
sponding branches as it proceeds. The arteri(*s ramify without anastomoses, and tlui 
arterioles which pass to the atria send small branches, about 0*025 mm. (i oVo incli) 
in diameter, between the air-cells, partially encircling their mouths (fig. 855). 
From these vessels the capillary network arises, and covers ('ach alveolus, passing 
in the interalveolar septa between the adjacent air-cells. As was pointed out by 
Rainey, the capillary network in these partitions is single in the lungs of man and 
mammalia, the capillaries winding through the septa from one alveolus to the other, 
although in the lungs of amphibia and reptiles the capillary network of each alveolus 
is distinct. 

^ Some autliors have described iiitercommuiiicating foramina between adjacent lobules or infundi- 
bula, but such intercommunication is denied by most authorities. For a discussion of the subject see 
F. Merkel, article ‘ Athmungsorgane ’ in von Bardeleben's Handbuch der Anatomic, 11)02, pp. 108-110. 



VESSELS OF LUNGS 


687 


The capillaries are fine, and the network they form so close that the meshes are 
scarcely as wide as the vessels themselves. They are very superficial, being covered 
only by the thin layer of tesselated epithelium above described, while, as just 
mentioned, in the partitions between contiguous alveoli. the vessc'ls of the network 
project on either side in an arched or loop-like manner into tli(‘ cavities of the 
alveoli. The mucous membrane of the bronchial tubes, especially near the air- 
cells, is partly supplied with blood from branches of the pulmonary artery. 

The radicles of the pulmonary veins arise from the capillary network of the 
alveoli and from that of the smaller bronchial tubes ; several venules arise from each 
lobule. They are collected in the septa between and outsider the infundibula, 
apart from the terminations of the arteries and bronchioles. The branches of those 
veins which arise from the infundibula near the surface of the lung run alone for a 
certain distance through the substance of the organ. Some of them join deeper 
veins ; others as tliey pass towards the hilum remain superficial, forming a wide- 
meshed plexus near the surface of the lung, finally tending towards tin' hilum to 
join the larger veins near the root of the lung. The v(‘ins from the more deeply 
lying infundibula form frequent com- 
munications, and finally coalesce into 
large branches, which ultimately accom- 
pany the bronchial tubes and arteries, 
coursing as a rule in front of the bron- 
chial tubes, and thus proceed to the 
root of the lung. In their course to- 
gether through the lung the artery is 
usually found above and behind a 
bronchial tube, and the vein below and 
in front. 

The pulmonary vessels differ from 
the systemic in regard to their con- 
tents, inasmuch as tlu‘ arteries convey 
dark blood, whilst the veins carry red 
blood. The pulmonary vc'iiis, unlik(‘ 
the other veins of the body, arc not 
more capacious than tlnhr (correspond- 
ing arteries ; indeed, acccording to 
Winslow, Santorini, Haller, and others, 
they are somewhat less so. There is less difference in structure between these 
arteries and veins than between those of the systemic circulation. The pul- 
monary veins hav(c no valves. The arteries of different secondary lobules are 
usually independent, the veins freely anastomose 

Bronchial vessels. — 'The bronchial arteries and veins, which are much smaller 
than the pulmonary vessels, carry blood for the nutrition of the lung. The hronchial 
arteries^ from one to three in number for (each lung, arise from the aorta, or from 
intercostal arteries, and follow the divisions of the air-tubes through the lung. 
They are ultimately distributed in three ways : (1) many of their branches ramify 
in the bronchial lymphatic glands, in the coats of the large blood-vessels, and in the 
walls of the bronchial tubes, supplying an outer capillary plexus with transverse 
meshes to the muscular coat, and an inner plexus with close longitudinal meshes 
to the mucous membrane : this plexus, in the lobular bronchioles, is continuous 
with that supplied by the pulmonary artery ; (2) others form plexuses in the 
interlobular areolar tissue ; (3) branches pass to the surface of the lung 

beneath the pleura and join the network of pulmonary venous capillaries 
found there. 



Fi<i. 855 . Section oe injected lun<i of kamhit, 

INCLUDINCl SEVEUAL CONTICi UoLIS ALVKDLl. 
(Szyiiionovvioz.) Maguified JJOe dianu'tcrs. 
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The* bronchial veins have not quite so extensive a distribution in the lung as the 
broncliial arteries, since part of the blood carried by the bronchial arteries is returned 
by the pulmonary veins. The superficial and deep bronchial veins unite at the root 
of the lung, opening on the right side into th(* large azygos, and on the left usually 
into the left upper azygos vein. 

According to Zuckcrkandl it is not only at the cxtrennitics of the bronchial tubes that the 
blood brought by th(‘ bronchial arterites is returned by the pulmonary veins, l)ut in otlier parts 
small bronchial veins open into pulmonary branches ; and even veins which receive branches 
from the; larger bronchia, from the bronchial glands, and from the posterior* surface of the 
pei'icardium, empty their contents partly into the great trunks of the pulmonary veins. 

A few small branches of the intercostal arteries pass to the pulmonary pleura and surface 
of the lung through the ligamentum latum pulmonis (Turner). 

XiymphaticB. — The veins are accompanied by lymphatics, which commence 
botli in the interalveolar tissue and under the pleura, and pass to lymphatic glands 
at the root of the lung. Otiiers, which eventually join these, accompany the arteries, 
and others are found in the walls of the bronchial tubes. In the larger bronchial 
tubes there may be two plexuses, one in the mucous membrane, the otlier outside 
the cartilages ; the plexus in the mucous membrane lies deeper than the blood- 
capillaries. There are no lymph-vessels distal to tin* lobular bronchioles. The 
lymph-vessels of the bronchia send branches to join those of the pulmonary arteries 
and veins : these communicating branches come from the end of the lobular bron- 
chioles and from the placi'S where the bronchial tubes branch. The mucous mem- 
brane of the bronchi is not infrequently the seat of an accumulation of lymph- 
corpuscles, which may take the form of distinct nodules ; the accumulations are 
especially well marked at the branchings of the tubes. Other accumulations of 
lymphoid tissue occur in the adventitia of the pulmonary arteries and veins, and 
under the pleura, but not as a rule in the form of nodules in tin* normal lung (Miller). 
Tlu^ atria and infundibula (air-sacs) have no lympli-vessels in their walls. 

The lymphatics of the lung often contain large mononuclear leucocytes (phagocytovs) with 
carbon particles in their interior. These particles arc conveyed to and deposited in the connec- 
tive tissue of the lung in various parts, especially in those; j)arts which contain lymphoid tissue ; 
some of them are carried to the bronchial glands at the root of the lung. Such pai tides scattered 
about in the interlobular connective tissue give a slaty-grey appearance to the organ. The carbon 
particles are introduced with the air of respiration and appear to be conveyed from the interior 
of the alveoli into the pulmonary tissues by the agency of leucocyte's, which arc often seen, in 
sections of lung, within the air-cells. 

Nerves of the lung*. — Nerves pass to tlie lung through the pulmonary plexuses 
both from tlie vagi and from tin; sympathetic system, the fibres of the former being 
medullated, of the latter chiefly non-medullated. Tliey have ganglia upon their 
course, around the cells of wliieh many of the medullated fibres end, but some — - 
probably of afferent nature — ^pass without interruption to be distributed to the 
mucous membrane of the broncliial tubes and also over the walls of the alveoli. 
Most of the efferent fibres are destined for tie* musculature of the bronchial tubes 
and blood-vessels. 

THE PLEURA. 

The pleura has the usual structure of serous membranes. The costal part 
is the thicker, and may be easily raised from the ribs and intercostal spaces. It 
is str(*ngthened liere by a layer of subserous areolar tissiu^ of considerable thickness. 
On the pericardium and diaphragm the pleura is thinner and more firmly adherent ; 
it is thinnest and li‘ast easily detached upon the surface of the lungs. A difier- 
ence is also noticeable in the character of the superficial epithelial layer, for 
while on the 'pleura costalis this consists of the ordinary flattened cells, on the pleura 
pulmonalis the cells arc less distinctly flattened and more granular and polyhedral, 
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but they become more flattened when the lung is distended (Klein). Lymphatic 
vessels are abundant in and beneath the pleura as in other serous membranes ; 
they communicate in many parts, by means of stomata, with the cavity of the 
membrane. In the 'pleura costalis the stomata are only found over the intercostal 
spaces, not over the ribs (Dybkowsky) ; lymph-vessels are also more numerous 
over the spaces. 

Beneath the S(U‘ous covering of the lung is a thin layer of subserous areolar 
tissue mixed with a large number of elastic fibres. It is continuous with the areolar 
tissue in the interior of the lung, and has been described as a distinct coat under the 
name of the second or deeper layer of the pleura. In the lungs of some animals, 
such as the lion, seal, and leopard, this subserous layer forms a very strong mem- 
brane, composed principally of elastic tissue ; in others, as the guinea-pig, a mdwork 
of plain muscular fibres is found within it, the fibres tending to radiate from the 
apex (Klein). A close plexus of lymph- vessels is also met with in this sub-pleural 
tissue of the lung. The vessels communicate on the one side by means of stomata 
with the pleural cavity, and on the 
other with similar vessels in the inter- 
alveolar septa. Various authorities have 
described lymphoid nodules and even 
minute lymph-glands in or beneath the 
visceral pleura. A uniform network of 
venous capillaries covers the surface of the 
lung underneath tlie pleura. The network 
is supplied with blood from the venules 
of the superficial pulmonary lobuh's, but 
also receives blood from the bronchial 
arteries (see p. 587). Its vessels are less closely arranged than the blood-vessels of the 
pulmonary alveoli, and are thus, as well as by their position, easily distinguishable 
from them in specimens of injected lung. The nerves of the pleura visceralis are 
derived, like those of the lung itself, through the pulmonary plexuses, from the vagus 
and sympathetic : the latter have ganglion-cells on their course. Those of the phuira 
parietalis come from various sources, but mostly from the intercostal nerves. 

The following papers deal with the minute structure of the trachea and lungs and 
the distribution of their vessels and nerves: Arnstein, Anat. Anz. xiii. 1897 (nerves) ; Bene- 
dicenti, Arch. ital. do biol. xvii. 1892 (nerves of trachea) ; Berkley, Journ. Comp. Neurol. 
1893, and Johns Hopkins Hosp. Rep. iv. 1894 (nerves) ; Councilman, Journ. Boston 8oc. Med. 
Sci. iv. 1900 (lymphatics) ; Dybkowski, Bcr. d. k. Siichs. Cesel. d. Wiss. 1800 (lymph- vessels of 
pleura); Drasch, Wiener Hitzungsb. xciii. 1880 (epithelium of trachea); Kgdahl, Anat. Anz. 
xxvii. 1905 (cartilage-plates of bronchial tubes); J. M. Flint, Amer. Journ. Anat. vi. 1900 (later 
stages of development of lungs) ; Favaro, Internat. Monthly Journ. Anat. and Physiol, xxvi. 
1909 (structure of pleura) ; Haycraft andCarlier, Quart. Journ. Micr. Sci. xxx. 1890 (epithelium 
of trachea); W. His, Arch. f. Anat. 1887 (development of lung); E. Klein, The Anatomy 
of the Lymphatic System, vol. ii. 1875 ; A. Kolliker, Wiirzburg Sitzungsb. 1880 (epithelium 
of alveoli and bronchioles), also Handbuch der Cewebclehre, vol. iii. (edited by v. Fbncr) ; 
Kuttner, Cl, Virch. Arch. f. path. Anat. Ixiii. 1878 (blood-vessels of pleura); F. P. Mall, 
Johns Hopkins Hosp. Hep, i. 1890 (reticular tissue of lung); F. Merkel, article ‘ Athmimgsorgano ’ 
in v. Bardcleben’s Handbuch d(!r Anatomic, 1902; W. S. Miller, Anat. Anz. vii. 1892, Journ. 
Morph, viii. 1893 (general structure), Anat. Anz. xii. 1890 (lymphatics). Arch. f. Anat. 1900, 
Ref. Handb. of Med. Sciences, Art. ‘ Lungs,’ 1902, Anat. Anz. xxviii. 1900 (bronchial vessels), 
Amer. Journ. Anat. vii. 1907 (vessels of pleura), Anat. Record, v. 1911 (lymphoid tissue of lung) ; 
J. Miiller, Arch. f. mikr. Anat. Ixix. 1907 ; Ploschko, Anat. Anz. xiii. 1897 (nerves) ; Ponzio, Anat. 
Anz. xxviii. 1900 (nerves) ; ({. Retzius, Biol. Unters. v. 1893 (nerves); F. E. Hchultze in Strieker’s 
Handbook, 1870 ; W. Stirling, Journ. Anat. and Physiol, xvi. 1881 (nerves) ; ibid. xvii. 1883 
(attachments of trachealis muscle) ; W. Turner, Brit, and For. Med.-Chir. Review, 1805 (vessels 
of pleura) ; Waters, The Anatomy of the Lung, 1800; Zuekerkandl, Wiener Sitzungsb. Ixxiv. 1882 
(blood-vessels). 



Fkj. 850.— Section of pleura; ox. (Favaro.) 
Magnified 270 diameters, 
c, endothelium ; substance of membrane 
with numerous elastic fibres ; //, hypo-pleura ; 
I, lymph- vessel. 
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The urinary organs comprise the hidneys, ureters, Madder, and urethra. Of 
these the first arc typical examples of compound tubular glands, the ureters repre- 
sent their ducts, whilst the urinary bladder, into which the ureters open, serves 
as a r(*ceptacle for the collection of the urine. The urethra in the male sex furnishes 
a common passage for the urine and the secretion of tlie generative glands. Its 
structure will be described after that of the generative organs. 


THE KIDNEYS. 

The kidneys are formed of a mass of tubules — the uriniferous tubules — 
which in sections through the organ are seen to be so disposed as to mark off 
two parts — a cortical ^part, nearer the surface, and a mednllary part (fig. 857). The 
whole organ is covered by a fibrous capsule which dips in at the hilnm and penetrates 

along with the blood-vessels and the duct 
(ureter) into a large cavity {sinus) around 
which the medulla is arranged. In many 
animals the medulla forms a single pyramidal 
mass (fig. 858), fan-shaped in section, the 
apex of tlie pyramid projecting as a broad 
papilla into the (mlarged commencement of 
the ureter (pelvis). In other animals, including 
man, the medulla is formed of a number of 
s(5parate pyramidal portions, tlie pyramids of 
Malpighi — about twelve in number in man — 
the bases of which abut against and are 
imbedded in the cortical part, which in man 
is continuous throughout and not separated 
up into parts like the medulla. The cortex is 
continued between and distal to the bases of 
the pyramids, appearing in sections of the 
organ as if formed by columnar masses, which 
are known as the columns of Bertini. These are 
not real columns, but portions of cortex which 
enclose the bundles of tubules known as the 
medullary rays (see next page). Each of the 
pyramids ends by a nipple-shaped papilla 
within a corresponding division (calix) of the 
pelvis. In some parts of the kidney two or 
more pyramids are united towards their apices 
to form a single papilla; such coalescence is 
especially marked near the ends of th kidney. 
In the feetus and new-born infant each pyramid or group of pyramids of the 
medulla has a separate portion of the cortex continuous with it, the kidney being 
divided up into a dozen or so distinct parts (reniculi) each with its branch of the 
ureter and artery. The coalescence of these is not completed until some time 
after birth. In some animals (e.g. bear) the reniculi remain distinct throughout 
life, being separated from one another by connective tissue. If the papilla is 
examined with a lens it is seen to be beset at its apex, which is dimpled (foveola), 
by minute apertures ; these are the openings of tlie largest uriniferous tubules 
(ducts of Bellini). 



Fi(i, 857. -- Plan of a LONornimNAL 

SUCTION THKOIJOH THE PELVIS AND 

SUHSTANCE OF THE KKJHT KIDNEY. 

Oiio-luilf tlie natural size. 

rt, cortical substance ; h, h, base of 
two of the pyramids of Malpighi; c, r, 
divisions of the pelvis named calices, or 
iiifmidibula, laid open ; c\ one of these 
unopened ; d, d, points of papilhe pro- 
j('cting into calices ; c, f', longitudinal 
section of two papilhe near the calices ; 
f), pelvis or enlarged portion of the 
ureter within the Iddney ; ii, ureter ; 
■S', sinus; Ji, hiluni. 
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The course of the blood in the kidney is peculiar in the fact that that which 
passes to the Malpighian corpuscles passes from them through a second set of 
capillaries, to supply the tubules. 

Course of the urlnlferous tubules, and their relation to the blood- 
vessels.— Tlicse tubules can be traced from the papillae into the pyramids proper : 
they divide dichotomously and thus become multiplied to form a very large number 
of collecting tubules which course straight and nearly }xarallel with one another, but 
slightly diverging, towards the base of each pyramid. Between the collecting 
tubules are other straight tubules smaller in si^e — the loo fed tubules of Henle — as well 
as a large number of blood-vessels which run parallel with the tubules. All these 
give the medulla an appearance of being streaked along the length of the pyramid 
from papilla to cortex, and the streaking is still more marked at the base of the 
pyramid [boundary zone) because the straight tubules of the medulla here become 
collected into bundles, and between them run many small blood-vessels also collected 



Fto. 858.— Diagram of the course of the tuiiut.es in a uni-pyramidal kidney, such as 
THAT OF THE RADBIT. (Toldt.) 

G, Malpighian bodies; 5, first convoluted tubule; c, d, looped tubule of Hfiiile; c, second 
convoluted tubule ; /, collecting tube ; < 7 , ducts of Bellini. 

into bundles or pencils. The bundles of medullary tubules are continued into the 
cortex, and reach nearly to the surface of tlie kidney, appearing in the cortex as 
rays, diverging from the base of each pyramid [medullary rays, fig. 858.) These 
bundles or rays comprise a continuation of the collecting tubes and also of the 
looped tubes above mentioned, and, gradually tapering oft, lose themselves in the 
cortex. ^ 

The cortex is distinguished from the medulla by the fact that its tubules — except 
those of the medullary rays — are closely convoluted, forming what is known as the 
labyrinth (fig. 860). Through this convoluted mass of tubules there pass, besides 
the medullary rays, certain radially arranged vessels — arterioles and venules — 
which run between the medullary rays through the thickness of the cortex. These 
are the interlobular arteries and veins (figs. 859, 861). The interlobular arteries 
have relatively thick walls and, at least in the dog, a very complete fenestrated 
membrane (Mann) (see fig. 525). They carry blood to the cortex from somewhat 
curved or arched divisions of the renal artery, which lie between cortex and 
medulla and are usually stated to give oft straight arterioles [arterice rectee) to the 
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medulla. The veins have a similar course and arrangement to the arteries, pro- 
ceeding to »vards venous vessels wliich are more distinctly arched than the arteries. 
The interlobular veins begin near the capsule by a convergence of capillaries and 
venules from the cortex, forming the so-called stellate veins {venw stellulcp). 
Besides these interlobular veins, which receive most of the capillaries of the 
cortex, there are a certain number of small veins which receive blood from 
the capillaries of the deepest part of the cortex and open direct into the arched 
veins. The veins of the medulla arise by plexuses near the apices of the papillsc, 
around the ducts of Bellini. They pass between the radiating tubules, and enter 
the concave side of the venous arches as the straight venules (venm rectee). As 

already stated, the vasa recta are 






himwmt 


collected into bundles as they pass 

towards the arching vessels between 

\ cortex and medulla, and by this 

arrangement they give the appear- 
\ kidney of red streaks 

) alternating with paler medullary sub- 

^ (boundary zone, fig. 859). But 

\ blood-supply of the kidney consists 

' ^in I ^ presence within the cortex 

globular tufts of ramified capil- 
\ laries which in the fresli kidney 

\ ^ appear to the naked eye as minute 

spots— the lying with 

7 ) wlilwlli'l ¥l fairly regular arrangement within 

\ YmIwII T' IllPlf labyrinth alongside of the medul- 

Wl¥i Each glomerulus is supplied 

\ branch of an interlobular 

ffl/t/ artery (figs. 861, 862), which on enter- 

\ Wmwii im glomerulus, divides into five 

\ I if or six branches, one for each of its 

a WW'lu Ilf lobules, to the periphery of which 

yxljll ll/ they are distributed ; each of these 

lobules consists of a closely reticular 
1 mass of capillaries (figs. 863, 864). 

Fiu. sr, IK a)iA(iT^vM OF A SECTION TiiRomiH PART Froiii tliese capilhirics the blood is 

OF THE KIDNEY PARAEI.EE To THE MEDULLARY n ^ i i l i • i n 

TliHULEs. (Testut.) collected by venules, which usually 

H, papillary zone; />, boiiiidary zone; c, cortical begin near tllC middle of tllC lobule 
zone. 1, apex of papilla ; 2, cai)sule ; 3, clear stria'. and Ullito to form tho isSuing veSScl, 
of bouiulary zone, formed by tubulen of medulla ; i • i . n i i-i 1^1 

4, dark Htriro of boundary zone formed by vasa recta ; wllicll USUally leavCS the glomerulllS 

r>, vascular arches ; C, medullary rays ; 7, labyrinth close to the entering arteriole. The 
(columns of Bertini) ; 8 interlobular vessels ; 9, Mai- • • i 1 4 - • r 4 - l 

pighian corpuscles; 10,subcapHular layerof hVrinth. Issuing veiiulc almost immediately 

proceeds to break up into a second 
set of capillaries, ramifying in a close network around the tubules. The 
vessels which pass to and from the glomeruli are termed respectively the 
afferent and efferent vessels. Of the two, the afferent has the structure of a small 




FlO. 8r)lK -DlA(iRAM OF A SECTION TIIROUOH PART 
OF THE KIDNEY PARALLEL To THE MEDULLARY 
TUBULES. (Testut.) 

H, papillary zone; />, boundary zone; c, cortical 
zone. 1, apex of papilla ; 2, caj)sule; 3, clear stria', 
of boundary zone, formed by tubules of medulla ; 
4, dark striro of boundary zone formed by vasa recta ; 
.7, vascular arches ; C, medullary rays; 7, labyrinth 
(columns of Bertini) ; 8, interlobular vessels ; 9, Mal- 
pighian corpuscles; 10, subcapsular layer of labyrinth. 


artery; the efferent, although breaking up into capillaries, resembles a small vein 
in structure. Tho efferent vessels of tlic glomeruli nearest the pyramids break up 
into long meshed capillaries which pass amongst the venje recta) into the medulla : 
they are sometimes termed false artcrim rectse, but according to Huber, who is 
confirmed by Gerard, all the arteriie recta) are of this nature, none come off 
direct from the arterial arches. This opinion was held by Bowman, but Virchow 
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stated that some of the arterise rectse come direct from the arches, and this view 
has generally been followed.^ The efferent vessels are slightly smaller than the 
afferent; the two are united within the glomerulus by a convoluted mass of 
branching capillaries (rete mirabile), wliich is, as already noted, itself lobulated. 
The capillaries of the glomeruli do not show the usual differentiation into 
endothelium-cells on treatment with silver nitrate (Drasch). The glomerulus is 
contained within a terminal dilatation of each uriniferous tubule (Bowman). 

The basement-membrane, which invests the whole tubule, forms the external 



gl lu.r. 


Fk;. 800 . Part of a skction through the cortex of a human kidney, 

THE RLOOD-VESSELS OF WHICH HAVE BEEN INJECTED. (Disse.j 
gl, a glomeriiluK ; ;//.?•., section of a medullary ray. 

wall of the dilatation ; it is here known as the capsule. The glomerulus pro- 
jects freely into the dilatation, covered only by a reflexion of the capsule 
and of the flattened epithelium which lines it (fig. 865, in foetus). Both this 
covering epithelium and the basement-membrane which invests the glomerulus 
and dips in between its lobes, are, in the adult, much thinner and more 
delicate than the corresponding structures which form the external wall of the 
dilatation. The whole structure, including the dilated termination of the 
tubule and the glomerulus which it encloses, is known as a Malfighian 
corpuscle. 

1 Ludwig, article, ‘Kidney,’ in Strieker’s Handbook, 1891; Golubew, Intern. Monthly Journ. 
of Anat. and Physiol, x. 1898. Golubew states that they are also given off from the afferent vessels to 
some of the most deeply lying glomeruli. 
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The number of Malpighian corpuscles in the kidney is very large. It was estimated by 
Huecke at about two millions for the human kidney, but this number is probably too high. 


Schweigger- Seidel reckoned that in the pig’s 
kidney there are about half a million. Miller 
and Carlton found in actual counts from 
the kidney of the cat, cut into serial sections, 
about 16,000 for each kidney. 





Fig. 861. — Vascular supply op kidney. (Catliai. 

a, part of arterial arch ; b, interlobular artery ; 
c, glomerulus ; efferent vessel passing to medulla 
as false arteria recta ; capillaries of cortex ; /, capil- 
laries of medulla ; r/, venous arch ; 7i, straight veins 
of medulla; interlobular vein ; y, vena stelluln. 

We have already traced the course 
of the tubules from their openings into 
the dilated termination of the ureter 
backwards to the Malpighian corpuscles, 
but before considering their structure it 
will be useful to follow their course in the 
other direction, which is that taken by 
the urine tliey secrete (fig. 867.) 



Fig. 862. — Diagram showing the relation 

OF THE URINIFEROUS TUBULES TO THE 

BLOOD-VESSELS. (After Bowman.) 

a, one of the interlobular arteries ; a', af- 
ferent artery passing into the glomerulus, , 9 ^ ; 
r, capsule of the glomerulus ; t, convoluted 
tube ; e\ e\ efferent vessels which subdivide 
in the plexus of capillaries, surrounding 
the tube, and finally terminate in the inter- 
lobular vein, V. 



Fig. 863. — Injected glomerulus prom the 

INNER PART OF THE CORTICAL SUBSTANCE 

OP THE horse’s kidney. (After Bow- 
man.) Magnified 70 diameters. 

rt, interlobular artery ; r//, afferent vessel ; 
w, convoluted vessels of the glomerulus ; 
cfy efferent vessel ; 7>, its subdivision in the 
medullary substance. 


On leaving the Malpighian corpuscle, to which in man and some other animals 
it is joined, by a narrowed neck, the tubule, still not much smaller than the dilated 
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end which encloses the glomerulus, becomes convoluted {first or distal convoluted 
tube), and makes several turns in the neighbourhood of its Malpighian corpuscle, 
at the same time gradually approaching the nearest medullary ray. On reaching 
this it turns towards the medulla, being at first spiral (Schachowa), but after- 
wards quite straight ; it now becomes 
much attenuated as it passes towards 
the papilla. In this form it is known 
•IS the first or descending 'part of 
the looped tube of Henle, Near the 
papilla it loops round, still of small 
diameter; but it soon enlarges some - 


Fig. 866.--Part of section of an injected kidney. (Prenant and Bonin.) 
i, interlobular artery ; a, afferent vessel of glomerulus ; c, efferent vessel, breaking up into 
capillaries around the convoluted tubules. 

what, and then runs back towards the cortex parallel to its former direction : this 
part is known as the second or ascending part of the looped tube of Henle.^ In this 

1 According to Stoerck the ascending limb of the looped tubule is the smaller; the descending the 
larger (directly contrary to what has usually been accepted). According to Huber, who adopts the usual 
view regarding the ascending and descending limbs, the loop in man is always formed by the larger 
tubule (see fig. 867). 


Fig. 864.— -Model op a glomerulus. (Johnston.) 
a, afferent ; e, efferent blood-vessel. 


Fig. 865. — Section of cortical substance 
op kidney; human F(etus. (E. Klein.) 
Highly magnified. 

a, glomerulus with blood-vessels, not fully 
developed; connective tissue between the 
blood-vessels ; r, epithelium covering glomerulus, 
continuous with d, epithelium lining Bowman’s 
capsule; /,/, convoluted tubes. 
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condition it again reaches the medullary ray ; but it presently leaves this as a 
curiously irregular tubule {zigzag tubule) which takes a course towards the original 




Fr:. 808. -MaLI'KUIIAN COltrUSCLE from tiik 
kauhit’s kidney: nitrate of silver pre- 
paration. (Ludwig.) Highly inagnifted. 


p, vas afferens, showing its endothelial lining ; 
at p', the transverse muscular fibres are also 
seen ; p, vas eiTerens; d, r/', basement-membrane 
ol capsule with its lining epithelium passing at 
Ji into that of the commencing uriniferous 
tubule. 

Malpighian corpuscle from whicli 
the first convoluted tube*, emerged.^ 
After two or three contortions, 
which form the second or distal con- 
voluted tubule,'^ it once more becomes 
narrowed into the so-called junctional 


Fio. 807. — Plan of the course of the uriniferous tubules. (Huber.) This plan, which is based 
upon reconstructed models of the tubules, exhibits the relation of the convoluted tubules to tlie 
Malpighian corpuscles. 

M, Malpighian corpuscles; point of entrance of vessels of glomerulus; n, neck; (l.c., distal con- 
voluted tubule, which arises from the Malpighian corpuscle ; s, spiral tubule into which it is continued ; 
(/, narrow dosetmding limb of loop of Htmle; 77, loop of Ilenle (this is sometimes formed by the narrow 
|)art of the looped tubule, but is here represented as formed by the wider part) ; a, wider ascending limb 
of loop of Hoide ; this passes back to the neighbourhoo<l of the same Malpighian corpuscle, often becoming 
irregular and zigzag at its upper end. Here it becomes continuous with the proximal convoluted tubule, 
which eventually passes into the junctiojial tubule, by which it is connected with a collecting 
tubule, c. Ji, duct of Bellini, receiving a number of conjoined collecting tubules and opening at a papilla. 

' Golgi, Beiidi d. acc. d. Lincei, v. 1889. 

“ The second convoluted tubule was termed by Schweigger-Seidel ‘ Schaltstiick.’ This term also 
includes the zigzag tubule and the junctional tubule. 
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tubule, and taking a transverse course towards the medullary ray, it finally enters 
one of the straight or collecting tubules, which leads to the medulla ; these collecting 
tubules eventually join to form the ducts of Bellini. 



Fir,. 860.--A Malpighian coupuscle the kidney of the monkey. (Szymonowicz.) 

Magnified 350 diameters. 

a, sections of convoluted tubules; a\ commencement of convoluted tube from capsule; 

h, capsule ; r, afferent and efferent vessels. Note the lobulated structure of the glomerulus. 

Structure of tlie tubules. — Tlio basement-membrane enclosing the tubules 
appears in the fresh condition liomogeneous ; nor does it in ordinary sections 
exhibit any structure. But, as was shown by 
Mall, it contains fine longitudinally and circularly 
disposed fibrils of reticular tissue, these fibrils 
being continuous with those of the intertubular 
tissue of the organ (see fig. 875). 

In addition to the ffbrils the basoment-merabrano of 
the tubules is composed of a homogeneous material of a 
different nature, which resists the action of .strong mineral 
acids. These are accordingly ^used for macerating portions 
of the kidney when it is desired to isolate the tubules. 

The epithelium of the renal tubules varies in 
the different parts above described. It presents 
three distinct types. The cells of the first type 
are clear and columnar, without distinct granules 
or strise in the cytoplasm. Those of the second 
type are also clear, but flattened like the cells of 
an endothelium. Those of the third type are granular and striated from without 
inwards, the striations being most marked in the outer zone near the base of the 
cell, and the granular appearance most distinct in the inner zone ; next to^ the 



Fig. 870. — Section or a convoluted 

TU13ULE OF THE KABBIT’s KIDNEY, 
SHOWING THE STRUCTURE OP 
THE EPITHELIUM. (Szymonowicz.) 
Magnified 1100 diameters. 
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lumen of the tubule these cells are bounded by a striated border, something like 
that of the intestinal epithelium.^ 

The clear flattened cells occur in the Malpighian corpuscles, both lining their 
capsules (fig. 868) and covering their glomeruli (fig. 869). They are also found 


0 



Fl(’. 871.— To ILLUSTHATK THE STHUCTTJKE OF THE EPITHELIUM OF THE CONVOLUTED TUDULES 

(R. Hoidenhain.) 


Hection of a convoluted tubule from the rat, showing granular protoplasm occupying a 
circular area around the nucleus of each cell; h, 6, c, isolated cells from the convoluted tubules 
of the rat ; c, isolated cells from the dog’s kidney, viewed from the inner surface, and showing 
the irregular contour of the protoplasm ; /, isolated cells from the newt, showing the rods and 
the homogeneous cuticular layer; //, longitudinal optical section of part of a convoluted tubule 
from the dog’s kidney. 


in the narrower portions of the looped tubules (fig. 873), i,e, in the descending 
tubule and usually in the loop itself. The clear columnar cells (which arc 



Fig. 87‘2. — Portion of a convoluted tube from the kidney, showing the irregularly 
FLUTED outlines OF THE CELLS. (Laiidauer.) Silver-nitrate preparation. 

shortened to a cubical form in certain places) are found in the collecting tubules 
and in the ducts of Bellini (fig. 874), and also in the parts of the junctional adja- 
cent to the collecting tubules. Cells of the granular striated type (rodded cells) are 

^ Nussbaum, Pfliiger’s Arch. xvii. 1878. 
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found in both sets of convoluted tubules (figs. 870, 871),^ in the ascending or 
larger limb of the looped tubule, in the zigzag tubule and in the first part of 
the junctional tubule. The granules are derived from mitochondria^ and appear 



Fig. 873. — Passage of the spiral continuation of a distal convoluted tubule into the 
DESCENDING LIMB OP A LOOPED TUBULE OF HENLE. (Dissc.) The bend is accidental. 

8, end of spiral tubule ; narrow descending limb of looped tubule of Henle. 

to be related to the production of secretion. The nuclei of the rodded cells 
are spherical, and the cells are closely united by a kind of dove-tailing (fig. 872) ; 



Fig. 874. — Section across a papilla of the kidney. (Cadiat.) 
a, ducts of Bellini ; b, c^dy tubes of Henle, ascending and descending ; e,/, blood-capillaries. 

possibly they form a syncytium, but this is not certain. In some animals {e,g, 
mouse) the granular rodded epithelium is continued for a certain distance into the 
Malpighian corpuscle. 

^ The cells in the second convoluted tubules have a clearer appearance than those in the first. 

2 Kolster, Ziegler’s Beitr. li. 1911. 
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The first convoluted tubule is about 50 ju in outside diameter, the second convoluted tubule 
somewhat smaller ; the descending limb of Henle’a looped tubule about 15 m, the ascending 
limb nearly twice this size. The straight or collecting tubules are from 18 ^ to 50 the 
larger being nearest the papilla ; the ducts of Bellini may measure as much as 300 fi. The 
Malpighian corpuscles vary in size ; in man corpuscles from 150 to 200 ^ occur in the same 
kidney. The lumen of the tubules varies not only with their outside diameter but also inversely 
as the thickness of their epithelial lining. Thus the relatively fine descending parts of the looped 
tubules of Henle have nearly as large a lumen as the far thicker ascending parts. The zigzag 


M 



m.T. 


Fid. 875.-— Ikteutubui.ar connkctivk tissuk of cortkx op cat’s kidney, displayed after 

PANCKEATTC DIGESTION DY SPALTEHODTZ’ METHOD. (DisSO.) 

D/.r,, Diodullary rays ; ilf, Af, Malpighian corpuscles. 

tubules have no distinct membrana propria* The lumen of the convoluted tubules varies in 
different kidney.s and in different parts of the same kidney ; the secreting epithelium-cells which 
lino them being sometimes shorter, sometimes longer. These differences may represent variations 
in secretory activity ; it is found that in the kidneys of animals which are hibernating — 
and which are therefore inactive — the cells of the convoluted tubules are usually long and the 
lumen is almost obliterated. This condition probably represents the resting state of the 
epithelium.* 

On the other hand, the state of activity is probably represented by a doine-like swelling of the 
inner zone of the epithelium-cell ; this swelling contains a centrosome or diplosome, and from this 

^ Disse, article * Harnorgane’ in v. Bardeleben’s Handbuch der Anatomie, 1902. 
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a cilium-liko filament may extend in some animals (see fig. 59, p. 32 ; from the salamander larva). 
In the lower vertebrates, such as the frog, the epithelium- colls at the commencement of the 
convoluted tubule bear true cilia. 

In the ascending parts of the looped tubules the cells sometimes show an arrangement 
of imbrication from below upwards ; in man they have been found to contain brown pigment- 
granules. The roddod character of the epithelium is very distinct in the zigzag tubules. 


The intertubular tissue oi the kidney (fig. 875) is a form of reticular tissue, which 
occupies the intervals between the tubules and conveys the blood-vessels, lym- 
phatics, and nerves. Both this tissue and the connective-tissue capsule of the 
organ receive small branches of the renal arteries ; in the capsule these anastomose 
with branches of the lumbar arteries. 

Xiymphatlcs and nerves. — The lymphatics of the interior of the organ pass 
to the hilum, and also communicate with a set of plexiform lymph-vessels in the 
capsule. 

The lymphatics of the cortex form a network of sinuses which partially 
enclose the tubules and Malpighian corpuscles : those of the medulla form a 
long-meshed plexus accompanying the straight and looped tubules. The 
efferent lymph-vessels follow the course of the arteries. According to Kumita, 
lymph- vessels issue from the glomeruli along with the blood-vessels. 

... The nerves are chiefly 

H V ^ distributed to the blood- 

vessels (G. Eet55ius), but some 
have been traced to the 




Fig. 876 . — NERVE-Finuii.s ending over capillary blood- 
vessels AND AMONGST THE EPITHELIUM-CELLS OP A CON- 
VOLUTED TUBE OF THE frog’s KIDNEY. (Sminiow.) 


Fig. 877 . -Urate deposits within 

THE KIDNEY-CELLS OF A MOLLUSC 

(Schoppe.) 


Malpighian corpuscles and others to the cells of the convoluted tubules 
(fig. 876) (Berkley, Smirnow). 

Urinary concretions (probably uric acid or urates) can be seen in the cells of the convoluted 
tubules of birds and reptiles (v. Wittich) ; they have also been described in the rabbit. In the 
urinaryorganof some molluscs they take the form of conspicuous masses (fig. 877, a, h) (Schoppe). 
The granules in the cells of the convoluted tubules are said to show changes under the influence of 
diuretics, becoming fewer, larger, and more irregularly distributed. They are also affected by 
diet, being more conspicuous and abundant as the result of a purely meat diet (Chalmers Watson). 
They appear to be formed by breaking up of the rod-like fibres, which are themselves composed 
of rows of granules (Takaki) ; probably these granules originate from mitochondria. 

The following papers on the structure of the kidney may be referred to: Altmann, Arch, 
f. mikr. Anat. xvi. 1879 (blood-vessels) ; Cesar-Bianchi, Intern. Monatschr. Anat. u. Physiol, 
xxvii. 1910 (cells of tubules) ; Cresci, Arch. f. Anat. 1909 (vessels of glomerulus) ; M. Gerard, 
Joum. de I’anat. 1911 (blood-vessels); C. Hirsch, Anat. Hefte, xli. 1910 (granules in cells). 
C. Huber, Amer. Journ. Anat. iv. 1905 (Suppl.) (cour.se of tubules); ibid. vi. 1907 (efferent vessels 
of glomeruli and blood-supply of medulla) (see also Brit. Med. Journ. Dec. 15, 1906) ; Johnston, 
Anat. Anz. xvi. 1899 (reconstruction of glomeruli) ; Kumita, Arch. f. Anat. 1909 (lymphatics); 
F. P. Mall, Abhandl. d. k. Sachs. Akad. d. Wiss. 1891; Johns Hopkins Hosp. Reports, i. 1891; 
Johns Hopkins Hosp. Bull. xx. 1901 (basement-membranes, fibrillar structure); Maresch, Anat. 
Anz. xii. 1896 (constitution of pyramids); Meves, Kupffer Festschr. (secretion-changes in cells) ; 
Meyer and Rathery, Arch, d’anat. micr. xi. 1909 (granules in cells) ; W. S. Miller and E. P. 
Carlton, Trans. Wisconsin Acad. Sci. 1895 (relation of cortex to medulla and number of glomeruli 
in cat) ; Peter, Anat. Anz. xxx. Erganzungsheft, 1907 (course and structure of tubules) ; Pizzini,. 
Intern. Monthly Journ. Anat. and Physiol, xxv. 1908 (granules of convoluted tubules) ; 
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O. Retzius, Biol. Unters. hi. 1892 (nerves); G. Riihlc, Arch. f. Anat. 1897 (structure of basement- 
membranes, effects of diet on granules in cells) ; H. Sauer, Arch. f. mikr. Anat. liii. 1899 (uric 
acid in cells of convoluted tubules) ; Schoppe, Anat. Hefte, vii. 1897 (urinary concretions in 
cells) ; R. Standfuss, Arch. f. mikr. Anat. Ixxi. 1907 (Malpighian corpuscles) ; 0. Stoerck, Anat. 
Hefte, xxiii. 1904 (course and structure of tubules) ; Takaki, Arch. f. mikr. Anat. Ixx. 1907 
(rodded structure and granules of cells); Van der Stricht, Comptes Rendus, 1891 (secretion 
changes in cells) ; Chalmers Watson, Intern. Monatschr. f. Anat. u. Physiol, xxiv. 1907 
(granules in cells) ; Disse, Anat. Hefte, v. 1893 (secretory changes in cells), also in v. Barde- 
leben’s Handbuch der Anatomie (article ‘ Niere’), vol. vii. 1902 ; K. M. Zimmermann, Arch. f. 
mikr. Anat. Ixxviii. 1911 (form of epithelium-cells) ; Zondek, Arch. f. mikr. Anat. Ivii. 1900 
(origin of arteriai rectse). 

The development of the tubules is dealt with in vol. i. of this work. The following papers 
on this subject may be mentioned : J. B. Haycraft, Intern. Monatschr. f. Anat. ii. Physiol, xii. 
1895 ; P. T. Herring, Journ. Path, and Bact. vi. 1900 ; C. Huber, Amer. Journ. Anat. iv. 1905 
(Suppl.) ; Janosik, Arch. f. Anat. 1907 ; O. Stoerck, op. cit. 

PELVIS OF KIDNEY AND URETERS. 

Pelvis.- On squeezing a fresh kidney which has been split open, a little urine 
will be seen to drain from the papillae by fine orifices on their surface. The 
secretion is carried away and conveyed into the bladder by the ureter. This 
long tube on being traced up to the kidney is seen to be somewhat enlarged, 
expanding as it enters the hilum into a dilatation named the pelvis (figs. 857, 

878). This, within the sinus, divides 
usually into three, but sometimes only two 
primary tubular divisions, and these 
finally end in a larger number of short, 
truncated, but comparatively wide branches 
named calices or infundihula^ which receive 
the papilloe into their wide mouths (fig. 857) 
and arc attached around the bases of those 
prominences, from which, of course, they 
catch the issuing urine. 

A single calix often surrounds two, 
sometimes even three papillte, which are in 
that case united together ; hence, the calices 
are in general not so numerous as the papilhe. 
The spaces between the calicos are occupied 
by a considerable amount of fat, imbedded 
in which are seen the main branches of the 
renal vessels. 

Like the rest of the ureter, the pelvis 
and calices consist of three coats, viz. a 
strong external fibrous and elastic tunic, which becomes continuous around 
the bases of the renal papillae with that part of the external capsule of the 
kidney which is continued into the sinus ; a thin internal or mucous coat, which, 
at least its epithelium, is reflected over the summits of the papillae ; and between 
these two a muscular coat, with fibres running both longitudinally and circularly. 
The longitudinal fibres lie innermost and, according to Henle, are lost near the ex- 
tremity of the calix, but the circular fibres form a continuous circular muscle round 
the papilla where the wall of the calix is attached to it. According to Disse there 
are longitudinal fibres outside the circular, extending over the calices as far as the 
circular. The muscular coat cannot in man be separated as a distinct stratum 
from the fibrous coat, for the muscular bundles run to a certain extent in the fibrous 
tissue of the outer coat. Between the muscular bundles the fibrous coat is 
continuous with the connective tissue of the mucous membrane. The pelvis is 
lined by an epithelium like that of the ureter, but in the calices its layers become 
reduced in number, and near and over the papillse it is represented by a single layer 



Fio, 87S. -Cast of thk interior of the 
UPPER end of the ureter. (Henlo.) 

P, pelvis; U, ureter. 
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of columnar cells (fig. 879). Throughout the greater part of the pelvis there are both 
longitudinal and circular ridges or projections of the vascular corium into the 
epithelium, which is thinner opposite the ridges and thicker between them. In 
tangential sections the ridges produce an appearance of reticulations. Besides 
these strongly marked ridges of the corium, fine strands of connective tissue extend 
between the epithelium-cells almost to the surface. The ridges are highly vascular, 
and within them and the strands of connective tissue just mentioned capillarv 



Fit}. 879. — Longitudinal section through a papilla op the kidney showing its 
PROJECTION INTO ONE OF THE CALICES OF THE PELVIS. (Disse.) 

The ducts of Bellini are seen cut obliquely ; the sinaller tubules are looped tubules of Henle. 
a, epithelium covering papilla; 6, epithelium lining calix; c, cavity of calix ; iZ, connective 
tissue. 

vessels project into the deeper layers of the epithelium, with the cells of which 
they appear to come in contact (fig. 880).^ The pelvis contains no true glands, 
although at places solid buds of epithelium may grow down for a certain distance 
into the corium. 

Near its exit from the sinus of the kidney the pelvis becomes contracted, 
and opposite the lower end of the gland it assumes a cylindrical form and becomes 
continuous with the ureter. 


^ Disse, o'p. cit. 1902. 
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ITreter. — The walls of the ureter consist of an external fibrous coat or 
adventitia, three strata of plain muscular tissue, and a mucous membrane (fig. 880)* 
The adventitia is a thin 


layer of connective tissue, which 
contains ramifications of the 
larger blood-vessels and nerves, 
with ganglia here and there, 
and in some subjects groups of 
fat-cells. Its connective tissue 
is freely continuous with that 
which lies between the mus- 
cular bundles of the muscular 
coat. 

The mucous memhrane, thin 
and smooth, shows a few longi- 
tudinal folds when the ureter is 
laid open or cut across in the 
upper part (fig. 881), but lower 
down in the pelvic part these 
folds disappear, and the section of 
the lumen is generally Y-shaped. 
The mucous membrane is com- 



posed of areolar tissue, which 
becomes gradually looser towards 
the muscular coat, but there is no 


Fj(f. 880 . — Fkom a section of the wall of the pelvis 
OF kidney; human. (Disse.) 

Vj a vein witliin the coriuin ; r, c*, r*, capillary blood- 
vessels with ridge-like projections into the epithelium. 


distinction into mucous and sub- 


mucous layers. It is prolonged above to the pelvis of the kidney, and below becomes 
continuous witli the lining membrane of the bladder. The epithelium, which is 



Fin. 881. — Section across the upper part of the ureter, (v. Ebner.) 

Magnified 14 diameters. 

r, epithelium ; s, mucous membrane ; /, longitudinal muscle ; r, circular muscle. 

similar to that of the pelvis and bladder (figs. 880, 883), is transitional, con- 
sisting of about four strata, in the uppermost of which the cells are somewhat 
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cubical, with depressions on their under surface ; these fit upon the rounded ends of 
a second layer of pear-shaped cells ; then follow two layers of rounded or oval cells, 
with processes extending down to the mucous membrane. This description of the 
shape of the epithelium-cells only applies to them as they occur in the empty 
condition of the duct ; in the distended state the superficial cells are flattened 
out, and the pear-shaped and oval cells are much shorter. All the cells are con- 
nected with one another by ‘ cell -bridges ' as in a stratified epithelium. The 
superficial cells are covered by a cuticular border on the free surface. They usually 
have two nuclei, and are believed to divide by amitosis. The deeper cells 
multiply by karyokinesis. 



Fio. 882.— Skction op uuetek, eower part. (Disselhorst.) 

L, liimpn; V, V, veinn; < 7 , a small ganglion ; /,/, fat-cells in adventitia ; 7 ?f, muscular bundles, 
variously cut; c, c, connective tissue. 


As in the pelvis of the kidney, fine connective-tissue prolongations and capillary 
loops extend into the deeper part of the epithelium, but they are less numerous in 
the ureter. 

A few small mucous glands have occasionally been described at the upper end 
of the ureter and in the renal pelvis, but they appear not to be present in man. 
Mucus is however secreted by the lining epithelium. 

Th(i muscular tissue of the ureter can generally be made out to be arranged in 
circular and longitudinal bundles, which are usually described as forming three 
layers, viz. inner and outer longitudinal and intermediate circular. But many of 
the bundles have an oblique course and the layers are not sharply differentiated 
from one another. Moreover, there is everywhere a large amount of connective 
tissue between the muscular bundles, so that the coat is by no means so purely 
muscular as is that of most of the hollow viscera (fig. 882). 

The degree of development of the individual muscular layers differs considerably in different 
parts of the ureter. At the uppermost end near the jadvis there are chiefly longitudinal bundles 
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near the epithelium and circular fibres outside these, with a few longitudinal bundles in the^ 
adventitia : in the middle part of the ureter the cireular fibres are most developed ; the longi- 
tudinal bundles inside these are, however, still well marked, but those outside are scattered ; in 
the lower or pelvic part the whole wall becomes more muscular, and circularly and obliquely 
rlisposed bundles are intermixed with the bundles of the longitudinal layers, and extend almost 
to the epithelium. Quite near the lower end, close to its passage into the wall of the bladder, 
the ureter is ensheathed by a mass of longitudinal muscular tissue which appears to be continued 
from the bladder wall, but is in reality a development of the outer longitudinal muscular layer 
of the ureter itself. It is termed the ureter-sheath (Waldeyer). As it passes obliquely through 
the bladder wall the ureter retains its independence, traversing a sort of canal in the vesical 
wall. At the end of this canal, i.e. at the vesical orifice of the ureter, its mucous membrane 
and epithelium are continuous with those of the bladder : at the upper edge of the orifice the 
mucous membrane projects somewhat beyond that which forms the lower edge, in the form of a 
valve-like fold — the valve of the ureter. Within the ureter-sheath the rest of the muscular tissue 
of the ureter is wholly in the form of longitudinal bundles which occupy almost the whole thick- 
ness of its coats. They are separated from the bladder musculature by a layer of connective 
tissue, and are easily distinguishable from the muscle-bundles of the bladder : they ultimately 
end in the mucous membrane of the bladder around the orifice of the ureter. 

The muscular bundles of the ureter-sheath are somewhat coarser than those of the rest of 
this part of the ureter. They are separated from the other muscular tissue by a cleft in the 
connective tissue ; there is another cleft outside them separating them from the adventitia. 

Blood-vessela, lymphatios, and nerves. — The ureter is supplied with 
arteries from small branches of the renal, the spermatic, the internal iliac, and the 
inferior vesical. The veins end in various neighbouring vessels. The larger 
vessels ramify in the adventitia and send branches through the muscularis into 
the coriumof the mucous membrane. From these branches capillaries pass into the 
muscular bundles and others form a plexus in the mucous membrane under the 
(epithelium. Lymphatics are found forming a network in the mucous membrane and 
communicating with other vessels in the muscular coat and adventitia. The nerves 
come from the renal, spermatic, and hypogastric plexuses. They form plexuses in 
the adventitia and muscular coats containing small ganglia and scattered ganglion- 
cells. The nerves are chiefly for the supply of the muscular fibres, but afferent 
fibres have also been traced into the mucous membrane and epithelium, where they 
form terminal arborisations. 


URINAKY BLADDER. 

Structure. — The bladder is c*omposed of an adventitia, a. muscular coat, a 
submucous coat, and a niucous membrane. There is also a serous coat which 
forms a partial covering, investing only the posterior and upper half of the 
bladder, and reflected from it upon the surrounding parts. 

The adventitia is composed of fibrous tissue continuous with that between 
the muscular bundles ; over the greater part of the bladder it is but little 
developed. 

The muscular coat consists of unstriped muscular fibres, which are of ten described 
as forming layers, the outer consisting of bundles of fibres more or less longi- 
tudinal, and the next of fibres more circular in disposition ; beneath this, in the 
submucous coat, is another imperfect longitudinal stratum. 

The longitudinal layer is most distinctly marked on the dorsal and ventral 
surfaces of the bladder. Commencing in front (at the neck of the organ) from 
the pubes in both sexes {musculi pubo-vesicales), and, in the male, from the 
adjoining part of the prostate gland, its fibres may be traced upwards along the 
anterior surface to the summit of the bladder ; and thence may be followed 
down over the posterior surface and base to the under part of the neck of the viscus, 
wliere they become attached to the prostate in the male, and to the front of the 
vagina in the female. Upon the sides the superficial fasciculi run more or less 
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obliquely, and often intersect ; in the male they also reach the prostate. At the 
summit a few are continued along the urachus. The longitudinal fibres taken 
together constitute what has been named the detrusor urince muscle, but the 
circular fibres undoubtedly also play a part in the evacuation of the urine. 

The circular fibres form a somewhat irregular reticulated layer distributed over 
the body of the bladder, varying in appearance in different individuals. The 
stratum they form is usually thicker than that formed by the longitudinal fibres. 
Their course may in general be looked upon as transverse, but throughout the 
upper two-thirds of the bladder they for the most part cross one another in very 
oblique bands : towards the lower part of the organ they assume a more circular 
course ; at the base of the bladder they disappear, being here replaced by the 
submucous muscular layer (see below). 

The muscular coat of the bladder forms so irregular a covering that, when the organ is much 
distended, intervals arise in which the walls are very thin ; and, should the internal or mucous 
lining protrude in any spot through the muscular bundles, a sort of hernia is produced, which 
may go on increasing, so as to form a vesical sacculus, or aj)pf)idix cr.y/cce, the bladder thus 
affected being then termed sacculated. Hypertrophy of the muscular fasciculi, which is liable to 
occur in stricture of the urethra or other affections impeding the issue of the urine, gives rise to 
that condition named the fasciculated bladder, in which the interior of the organ is marked by 
strong reticulated ridges or columns, with intervening depressions. 


a 



Fio. 888 — Section of the mucous memhhank of the bladder to show its epithelium. 

(Szymonowicz.) 

/>, superficial epithelium- cells ; c, leucocyte; d, connective tissue of mucous membrane. 

Next to the muscular coat, between it and the mucous membrane, but much 
more intimately connected with the latter, is a well-marked layer of areolar tissue, 
the suhniicoHS coat. The submucous areolar layer contains a large number of 
fine fibres of elastic tissue and also numerous muscular bundles which are scattered 
with no great regularity over the body of the bladder, but at tlie fundus produce a 
distinct stratum known as the submucous muscular layer (Ellis) especially developed 
in the neighbourhood of the trigone, where it forms the sphincter vesiew internus.^ 
The muscular bundles of the submucous layer are much finer than those of the 
muscular coat, and are easily distinguished from them in sections. 

The mucous membrane of the bladder is soft, smooth, and of a pale rose colour. 
It is continuous above with tlie lining membrane of the ureters and kidneys, 
and below with that of the urethra. Neither here nor in the ureters is the mucous 
membrane provided with a muscularis mucosa^. It adheres loosely to the muscular 
tissue, and is thus liable to be thrown into wrinkles, except at the trigone, where 
it is always more even. It is covered with a transitional epithelium (fig. 883), 
exactly similar to that of the ureters (see pp. 604, 605). The cells vary much in 

^ For further details regarding this strnctur*^ and its relation to the other muscular fibres of the 
bladder and ureters, see Disse, ‘ Die Harnblase,’ in v. Bardeleben’s Handbuch der Anatomie, 11)02. 
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form according to the condition of distension of the bladder ; in the distended 
organ they are flattened out so as to cover a larger surface, while in the empty con- 
dition of the bladder they are of less diameter and proportionately higher (see figs. 
160, 161, p. 97). Many of the superficial cells contain two nuclei (fig. 884, a). They 
are believed to multiply by amitosis (see fig. 74, p. 40). The deeper cells divide 
by mitosis ; the newly formed cells take the place of others winch are thrust 



Fl<i. 8H1 . — EpITIIKLIAL CELPS from the Hi-AI)I)KH OF THE KARRIT, 

(Klein.) Higlily magnified. 

a, large Hattencd cell from the Huperficial layer, with two nuchii, and with strongly marked 
ridges and intervening depressions on its under surface ; a\ one of the same cells shown in 
profile; b, pear-shaped cell of the second layer showing the manner in which it is adapted to 
a depression on tlui superficial cell. 

towards the surface. There are no definite glands in the bladder, but in some 
places downgrowths of the deeper ejntheliuin-cell^ into the mucous membrane 
occur, which may be either solid or hollow (fig. 885). These have sometimes been 
described as true glands. There appears to be no basement-membrane separating 
the corium of the mucous membrane from the epithelium. As in the pelvis of the 
kidney and ureter, projections of the corium into the epithelium in tlie form of 
vascular ridges are also seen here and there. 



Fro. 885. —Section of part op wall of rase of rladder; human. (Tiendoif.) 

Magnified ‘230 diameters. 

The section passes through a glandular invagination of the epithelium. f;p, e[)ithclium ; 

c, corium. 

Blood-vessels, lymphatics, and nerves. — Arteries. — The superior vesical 
arteries proceed from the remaining j)ervious portions of the hypogastric arteries ; 
in the adult tliey appear as direct branches of the internal iliac. The inferior 
vesical arteries are usually derived from the anterior division of the internal iliac. 
In the female the uterine arteries also send branches to the bladder. These arteries 
anastomose with one another on the outer surface to form a network ; branches 
from the middle hoemorrhoidal artery join this network. From it ofisets pass into 
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the muscular coat, where they form a capillary network ; others traverse the muscular 
coat and form an arterial plexus in the submucosa from wliicli the capillary network 
of the mucous membrane is derived. The veins form large plexuses around the neck, 
sides, and base of the bladder ; they eventually pass into the internal iliac veins. 
They do not accompany the arteries. The plexuses arc' situated in the submucous 
coat, in the muscular coat, and underneath the serous coat, but in the region of 
the trigone there is no distinct plexus in the submucosa. The lytnphaiics are 
confined to the muscular coat and adventitia, except in the region of the trigone, 
where there is a plexus in the muscular layer of the submucosa. Some lymph-capil- 
laries are continued into the mucous membrane from those of the ureter. The 
nervous supply of the bladder is bilateral, eacli half havdng its own nerves. On 
each side the nerves are derived from two sources, viz. : — (a) from the third, the 
fourth, and sometimes the second sacral nc'rvc's: these fibres, which are known as 
the pelvic splanchnics ((laskell), consist almost entirely of fine medullated nerves, and 
pass from the sacral spinal nerves (sacral plexus) directly to the pelvic plexus without 
going through the gangliat(‘d cord of the sympatludic ; (h) from the hy|)ogastric 
[)lexus of the sympathetic: these fibres are nearly all non-medullated. They arise 
from the upper lumbar nerves, and reach the liypogastric plexus through the aortic 
plexus and the inferior mesenteric ganglion. Botli sets unite in the pelvic plexus, 
Avliich contains numerous ganglia, and the fil)res which go from the plexus to the 
bladder, where tlu'v form th(‘ plexus vesica, lis, are mainly, if not entirely, non-medul- 
lated. According to v. Zeissl, the pelvic splanchnics supply only the longitudinal 
fibres of the bladder, but (irifiiths found that stimulation of the pc'ripheral cut 
ends of these nerves produces an eil’cct upon the entire muscular coat on the same 
side. Stimulation of the peripheral cut ends of tlu' liypogastric fibres causes feeble 
contraction of the corresponding half of the bladder (Langley); but if tlie liladder 
be previously contracted tluur stimulation (‘auses rapid relaxation (Griflitlis). There 
appears, howi'vcr, to be some variation in difbu'init species of animals in the 
effects produced by stimulation of the different nerve-fibres according to the 
predominance of excitatory or inliibitory fibres. 

The hypogastric- ph'xus also (‘ontains sensory lilires, which probably reach the 
spinal cord through the tw(‘lfth dorsal and tii’st and second lumliai* n('rv(‘S. 

Tlie nerve-fibres of the bladder pass to ganglia in the adventitia : tlu'se ganglia 
ar(‘ most numei’ous near the base. Erom the ganglia non-medullated nci v(‘-tibres 
are distributed to the muscular bundles, amongst which a finer gangliated ph'xus 
is formed. Hi(‘r(' is also a fine gangliatial ph'xus in th(‘- submucosa : from this 
nerve-fibres pass to the muscle-bundles and to the corium. Sonu‘ ni;ik(‘ theii- 
way into the epithelium, whcrcy after ])enetrating between the cells loi* a certain 
distance, they give off branches which run parallel with the surface; from these 
olfsets terminal filaments pass backwards between the deepc'r ci'lls ((J. Ketzius). 

The following articles on the ureters and Jjladder ni.ay be referred to: — L. AseholV, 
Vireh. Arch, exxxviii. lSt)4 (rnncoiis niernbraiie) ; A. v. Brunn, Arcli. f. nhkr. Anal. xli. 
1893 (gland-like structines) ; Cuccati, Alein. d. r. accad. d. sci. d. Bf>logna, ix. 1888 (nerve- 
distribntion) ; Disselhorst, Anal. Hefte, iv. 1894 (str. of ureter) ; A. S. Dogiel, Arch. f. inikr. 
Anat. XXXV. 1890 (epithclinm) ; Egli, Arch. f. inikr. Anat. ix. 1873 (glands of pelvis); Fenwick, 
Journ. Anat. and I’hysiol. xix. 188.’> (venous jdexuses) ; (terota, Anat. Anz. xii. 189() (lyrn- 
phaties); (diffiths, Jouin. Anat. and Physiol, xxv. 1891 and xxix. 1895; (iriinstcin, Aieh. f. 
mikr. Anat. Iv. 1900 (nerves); Beity Hart, Atlas of Female Pelvic Anatomy, 1884; t ). Ham- 
burger, Aieh. f. mikr. Anat. xvii. 1880 (pelvis and ureter) ; London, Arch. f. Physiol. 1881 
(epithelium) ; A. Lendorf, Anat. Hefte, xvii. 1901 (glands, lymphatics and nerves) ; Lubarsch, 
Arch. 1. miki‘. Anat. xli. 1893 (glaiul-like structures); Paneth, Wiemu’ Sitzungsb. Ixxiv. 1870 
(epithelium) ; G. Ketzius, Biol. Unters. iv. 1892 (nerves) ; Waldeyer, Verhandl. d. Anat. 
Gesellseh., Anat. Anz. vii. 1892 (ureter-sheath) ; Zeissl, Pfliiger’s Arcliiv., liii. 1893 (nerves of 
bladder). 
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THE OEGANS OF KEPKODUCTION. 

The generative glands consist in the male sex of the testicles, which produce the 
spermatozoa ; in the female sex of the ovaries, which produce the ova. The 
accessory generative organs in the male sex comprise tlie fenis or organ of intro- 
mission, and various (‘Xpansions and modifications of the ducts of the testicles, 
viz. : the epididffmis, the vas deferens with its ampulla, the seminal vesicles, the 
ejaculatory ducts, the prostate, the urethra with Cowper\s glands, besides certain 
rudimentary organs, such as tlie organ of Giraldh, tlie hydatids of Morgagni, and 
the prostatic vesicle. The accessory organs in the femah' sex are the oviducts or 
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Fid. 880. — Longitudinal section tiikougu the anterior wall of the scrotum of 
AN ADULT. (Ebertli.) Magnified 17 diameters. 

a, outer; A, inner layer of tunica vaginalis communis; c, fine muscls-bundlos in cutis, cut 
across ; d, liair-follicle ; e, longitudinal muscle-bundles of dartos : f, external cremaster muscle. 


Fallopian tubes, with their fimbriated extremities opening into the peritoneal 
cavity, .the uterus, the vagina, and the vulva, with the clitoris, lahiw and glands of 
Bartolin, which last represent tlu' glands of Cowper of tlu' male sex. The urethra 
opens in the female at the upper part of the vulva, and although it does not, as in 
the male sex, transmit the secretion of the generative as well as that of the urinary 
glands, it may nevertheless be described most conveniently with the organs of 
generation. 


MALE GENERATIVE ORGANS. 

THE TESTICLES. 

The testicles are contained within a purse-like sac of integument, known as the 
scrotum. The skin of this (fig. 88G) is very thin and of a dark colour ; it is commonly 
thrown into rug^e or folds, which are more or less marked according to the extent of 
contraction of the plain muscular tissue, fine bundles of which are present in it in 
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•considerable amount (fig. 886, c), in addition to tlic muscle of the dartos (c). The 
last-named is a vascular layer containing many strongly marked bundles of in- 
voluntary muscular tissue, and lying immediately beneath the skin of the scrotum ; it 
also forms a septum between the two testicles. The contraction of the scrotum 
is especially provoked by cold, and is better marked in robust than in weak con- 
ditions of the body ; under contrary conditions the scrotum becomes relaxed. 

The skin of the scrotum is thinly beset with curled hairs slightly flattened in 
section ; tlieir bulbs arc large and may be seen or felt through the skin when this is 
stretched. The skin also allows the superficial veins to be seen through it. 

Besides the skin and dartos the testicles are covered within the scrotum by the 
spermatic fascia, the cremaster muscle, the inf undihuli form fascia, and the tunica 
vaginalis or serous membrane. Those, as well as the spermatic cord which conveys 

lobnli tostis tunica albuginea 


- caput epididymis 
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tubuli recti 


- vas deferens 


Fig. 887. — Section through the testis and epididymis. (Hdlirn and v. Davidoff.) 

the duct of the testicle and the vessels, nerves and lymphatics to or from the 
scrotum, will be described in detail in the part of this work which deals with the 
anatomy of the viscera (VoL 11. Bart 11.). 

The testicle is an example of a compound tubular gland. Its tubules — the 
seminiferous Uibules — considerably larger than the tubules of the kidney, arc 
bounded by a comparatively thick and tough membrane, formed of several layers 
of a homogeneous connective tissue, containing many elastic fibres (fig. 910) ; 
between th(‘ layers and covering it externally are flattened epithelioid cells. 
The tubules are held together by loose connective tissue, which has peculiar 
interstitial cells containing yellowish pigment-granules, much more developed 
in some species of animal (cat, boar) than in man. 

The seminiferous tuhules, which are highly convoluted — tubuli contorti — are 
arranged in groups or lobules (lobuli testis, figs. 887, 888), incompletely separated by 
strong fibrous septa (septula testis) which extend inwards from the thick fibrous 
capsule of the organ, intercommunicating at intervals with one another. The 
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capsule is known as the tunica albuginea ; it is covered by a layer of flattened 
epitlieliuni-cells — cubical or columnar in the foetus — the remains of the germinal 
epithelium. Outside this is a serous cavity originally continuous with the peritoneal 
cavity and bounded externally by a serous layer, the iiinica vaginalis. The tunica 
jilbuginea is mainly formed of a fiV)rous layer containing many elastic fibres and 
some plain muscle-fibres. It has relatively few blood-vessels in its substance, but 
on its inner surface is a layer of looser, highly vascular connective tissue, sometimes 
known as the tunica vasculosa testis (Astley Cooper), which extends over tlie 
septula and serviis to distribute the blood-vessels to the lobules. Outside 
the fibrous layer and immediately under 
the ejiithelium is a lo()S(‘r connective-tissue 
layer, thinner than the main substance and 
containing but few elastic tilires ; tlie two 
strata an*, only imperfectly separated in the 
adult. 



SHS, — TkaNSVCKSK SKCTJON oF AND 

KI’IDIDV.AIIS, (Kl)crtlj.) 

o, tiiiiic’a iilUii^iiu'u ; 6'./., seniiniffroiis tulmlcs ; .v, tra- 
In'ciiljc dividing tlic gland into lobules; i\ tunica vagi- 
nalis; r', cavity of tunica vaginalis ; ///, mediastinuni testis; 
c, ('[)ididyniis ; c', caput c])ididyniis ; vas deferens (its con- 
volutions have been cut four tilings) ; r.c., vasa ell’ereutia. 


Kio. SS'.).— 1*1, AN OF A \ KTITIC'AI, SFC- 
'IloN OF TIIF, 'rKSl'ICLK, SlD'W'INd 
riO'. .MlKAXOKMEN'l’ OF Till: DUCTS. 

Tlie true length and diameter of 
llie duets have been disregarded, 
({, o, tubuli seminiferi coiled up in the 
se])arate lohes ; vasa recta ; c, rete ; 
d, vasa efh^rentia ending in the coni 
vascudosi ; r, /’, g, coin olutcd canal of 
the epididymis; //, vas deferens ; i, i, 
section of tin* back part of the tunica 
albuginea with librous processes run- 
ning betwn'en the lobes. 


At the posterior bordei’ for about a third of its (‘xtent the capsule is con- 
tinuous with a mass of fibrous tissue whicli extends into the inteiior of the 
organ, and is known as the niediastiniun testis or corpus llighniori. This is joined 
by the septa above mentioned, whicli converge to it from the capsule. Sections of 
tlie niediastinum testis display a network of small tulmles — rete testis m\o whicli 
op(‘ii the straightened out and narrowial continuations of the seminiferous tubules, 
known as the straight tubules (fig. 8fl8). Fiom tlie ojiposite side of tin' rete testis, 
at its uppei- and posterior aspect, there emerge a eertain number (12 to 20) of 
(dfermit tulmles about *5 mm. in diameter, wliieli an^ at fiist l(‘ss and afterwards 
mon* and more convoluted, and also increasi*. somewhat in diameti'r as tliey proceed. 
These tubules thus form masses of gradually increasing size, tlie so-called coni 
vasrulosf. These unite to form the beginning of a very long and extremely convo- 
luted duet of eonsideiabl(‘ size — the duct or tube of thcepididgniis (figs. 880, 800, 801). 
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The convolutions of this tube, together with those of the coni vasculosi, are held 
together by connective tissue and blood-vessels, and forma mass — the epididymis — 
on the posterior aspect of the testicle proper : it is included within tlie serous sac 
which encloses the main organ, and has a s^^ecial fibrous investment thinner and 
looser than that of the testicle. From the lower end of the epididymis its tube is 
continued into the large, thick-walled muscular tube known as the vas deferens (figs. 
889, 890, 891, h), which passes up along the spermatic cord to reach the cavity of 
the pelvis, and there curves round the side and hum of the urinary bladder to 
enter the urethra in its prostatic portion. The vas deferens is dilated near its 
termination into a reservoir of about double the diameter of the vas, known as 
the ampulla, and also receives the duct of the seminal vesicle (fig. 891 ; see also 



Eld. H90. — TeS'I’IS, ElMDIDYMIft, AND VAS DKl'EUKNS. 

(From Kolliker, after Arnold.) 

(i, body of the iestiele ; /y, lobules; e, vasa recta ; 
rete vaseulosum ; e, vusa offereiitia ; /’, eoiii vascu 
losi ; (j. epididymis; h, vas deferens; i, vas aberrans ; 
D/, branches of the spermatic art(‘ry passing to tlie 
testicle and epididymis; n, ramiricaition in the testis; 
(>, artery of the vas deferens; p, its union with a twig 
of the spennatit- artery. 



Fi(i. 891.— Ducts of the testicle 
jN.iECTED WITH MERciluv. (From 
Ha, Her.) 

<(, body of the testicle; h, tubuli in 
the interior of the gland; c, rote 
vaseulosum; d, vasa elTerentia ter- 
minating in the coni vasculosi ; 
<“onvoluted canal of the epididymis; 
/l vas deferens ascending from the 
globus minor of tin; epididymis. 


fig. 929, p. 639), just before its entrance into the unAhra. The smninal vesichi 
is foimed of a main portion and, usually, hve accessory portions, which open into 
it ; each part consists of a convoluted tube, the main part being, when un- 
ravelled, about 12 cm. long. The vas deferens is at first convoluted, but within 
the spermatic cord in its passage through the inguinal canal and pelvis it 
is simple in arrangement. The vas is a long, thick-walled tube, some 40-45 cm. 
in length when straightened out, and 2-3 mm. in diameter. It is lined by 
a two-layered columnar epithelium, whicli rests on a basement-membrane. 
Outside tliis is a connective-tissue corium, which with the epithelium is usually 
in longitudinal folds. Outside the mucous membrane and separated from it by a 
submucosa is the muscular coat, and outside this a connective-tissue adventitia. 
The muscular coat consists of three layers of plain muscular tissue, viz. inner and 
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outer longitudinal layers, and a very well-marked middle circular layer (fig. 893). 
The ampullce and the seminal vesicles are enclosed in a common fibrous and 
muscular capsule. They have the same general structure as the vas deferens, 
but their walls are thinner, less muscular, and deeply corrugated (fig. 894, 
and lower figure of Plate opposite p. 635). The mucous membrane is beset with 
irregular gland-like diverticula which are often branclu'd ; their epithelium shows 
two layers of cells, the inner columnar, the outer cubical. The columnar cells 
exhibit secretion appearances in the form of drop-like exudations from the free 
border like those seen in the epididymis and vasa efferentia (fig. 897). The 
epithelium of all these tubes contains yellowish-brown pigment-granules of varying 



a' 

Fic. Si)‘2 . — Section oe the iuuht seeematic cokd of an adult as seen frov auove. 

Tlic section is lalicn somewhat aliovc Uic middle of its length. (Eherth.) Magnified 11 
diameters. 

c/-./., cremasteric fascia ; /.r., tunica vaginalis; cr.c., external cromaster muscle; v.i. internal 
spermatic veins; zee., external spermatic vein; u., internal spermatic nerve: /, lymph-vessels; 

0 , internal sjiernnitic artery; o./., internal cremaster muscle; e,d., vas deferens. 

size and of fatty nature. They are not confined to tlie epithelium, however, 
but are also seen in the connectiv(‘-tissue cells, and even in the plain inuscle- 
c(‘lls. They are best marked in the vesicula) scminales. 

(h AVailker finds in connexion with the seminal vesicles of the guinea-pig and rat an 
accessory gland, which he terms the coagulainig gland from the fact that its secretion acts like 
d ferment upon the seeretion of the seminal vesicles, causing it to coagulate (Johns Hopkins 
Hosp. Bull. xxi. 1910). 

The part of the vas deferens which intervenes between the vesicula seminalis and the orifice 
of the duct into the urethra, is termed the ejaculatory duct. In the structure of its walls, which 
are deeply corrugated longitudinally, it resembles generally the ampullaj and vesiculse scminales. 
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The dorsal portion of the ejaculatory duct is j)rovided with irregular large diverticula, some five 
in all. Its raucous membrane is beset with simple and branched gland- like invaginations lined 
with long columnar epithelium-cells with other cells at their base — thickened in some parts so 
as to bo several cells thick — similar to that found in the ampulla?, and beset with yellowish 
pigment-granules. The uppermost part of the ejaculatory duct is dilated into a sinus ; this 
is the only part of the main duct with muscular tissue in its walls, but the large diverticula 
have a distinct muscular layer (Felix). 


The tube of the epididymis, some 6 to 8 metres long and about 0*4 mm. in 
diameter, has a comparatively thin wall (fig. 895) composed of a basement-membrane, 
a circular muscular layer, and a connective-tissue adventitia, and is lined by very 
long columnar cells which show a marked canalisation of their protoplasm (tropho- 
spongium, fig. 896). Each cell has a bunch of what appear to be cilia, but the fila- 
ments are matted together and are not vibratile. The bund) of filaments is 



Fio. 89o.— Section acuoss the commencement 

OF THE VAS DEFEKENS. (Klcio.) 

a, epitlielium ; h, mucous membrane ; c, d, c, 
inner, middle, and outer layers of the muscular 
coat; bundles of the internal cremaster 
muscles; <j, section of a blood-vessel. 


vas deferens 

diverticulum 
adventitia 

niuscularis 



— diverticula 
> — ampulla 


orifice of semi- 
nal vesicle 


Fk;. H04.— Left seminal vesicle with the 

COIIRESPONDINO VAS DEFERENS AND ITS 
AMPULLA. (Fiberth.) 

Frontal section. The interior looked at 
from behind. 


prolonged into the cell protoplasm as far as the nucleus. They appear to be 
concerned with the extrusion of secretion from the cells. A double centrosome is 
always found at the side of the bunch, near the free surhice of the cell. There is a 
second layer of smaller cubical or rounded, sometimes conical, cells next to the 
basement-membrane. The epithelium of the tube of the epididymis has true cilia 
near its upper end. A similar epithelium is found in the coni vasculosi. Between 
the ciliated cells are others which are non-ciliated (fig. 60, p. 32), and, from the 
free ends of these, drops of secretion may in many instances be seen projecting ; 
similar drops may be observed free within the lumen of the tube (fig. 897). The 
ciliated cells disappear gradually as the ducts are traced backwards to the rete, at 
least in man ; the epithelium near the rete is beset with irregular thickenings 
with depressions between them simulating glands. The tubules of the rete testis, 
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like the straight tubules which open into them, are lined with cubical or flattened 
cells. 

The seminijerous tubules (tuhuli conlorli) are of fairly large diameter (0*2 mm.) 
and very long in proportion, a single tubule isolated after maceration in 



Fi(i, Hi).'.-— Rkction of tiik TiaiK OF THE EPIDIDYMIS. (S/ymoiiowicz.) Maj^nified 

aOO (liumctfTs. 

(I, blood-vcssol ; 6, circular )misctilM.r fibres; c, 

acid, measuring as much as 70-80 cm. (Sappey). Tli(n*(‘ are altogether between 
800 and 1)00 tubules in the testis (Lauth). Ifi s])it(‘ ol the comparative facility 
witli which they may be* unravelled it has not been dehnitely determined whetlier 
they anastomose at their peripheral ends, or whetlier tlie'v begin with blind 



1! 

Fi(i. 81)0. — Cei.ls of epididymis, showing canai.isation of the cytopeasm. (K. Holiugren.) 
nucleus. In two cells the canals extend to the basement -membrane. 

extremities. Some authorities describe numerous anastomoses, others deny 
their existence. Eberth ^ was not able to find a single anastomosis, but was equally 
unsuccessful in finding any blind endings to the tubules. Their total combined 
length has been estimated at from 650 to 800 metres. Some of them show bulgings 

o o o 

1 ‘Die miinnlichen (xcachlechtsorgane ’ in v. Bardeleben’.s Handbuch, 1904. 
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and even lateral branches, but these are rare ; on the whole they have a uniform 
diameter and smooth contour. 

Each tubule is bounded by a relatively thick membranous wall (7-10 /x) com- 



(( h c 

Fid. 8'J7 . — Skction of epithelium of vas effehens neau us .junction with the 
E iMDiDYMis, (Ebcrth.) Maf^nified (>00 di imcterK. 

((, a drop of secretion, frt'C in the lumen of the duct; h, a secreting cell ; r, a ciliated cell 
containing pigment-grannies. 

posed of a number of himelhe. The lumelhe are formed partly of flattened cells, 
partly of connective-tissue ground-substance with numerous elastic fibres, arranged 



Fio. HD8. -Passaoe of convoluted semixifeuou.s tubules into stkaioht tubules, and 

OF THESE IN TO THE RETE TESTIS. (Milialkovics. ) 
n, seminiferous tubules; />, fibrous stroma continued from the mediastinum testis ; c, rete testis. 

in a close network, with for the most part a circular course around the tubule 
(fig. 910). The lamelhe become more pronounced and their fibres more distinct 
as development proceeds. The innermost lamella) are very closely arranged, and 
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give the appearance of a basement-membrane ; but there may be a delicate base- 
ment-membrane next to the eiuthelium. 

Towards the mediastinum testis several tubuli contort! join to form the tubuli 
recti (fig. 898) ; before their junction they become considerably smaller, and the 
tubuli recti preserve the smaller diameter. These tubules possess only a single 
layer of ei^itheliuin, so that their lumen is larger than that of the tubuli contorti. 
As they approach the mediastinum the connective-tissue wall of the tubuli contorti 
becomes loosened out and blends with the connective tissues of the mediastinum 
testis, so that the tubules of the rete testis have no mernbrana propria distinct from 
the general connective tissue between them. A basement-membrane similar to 
that of the tubuli contorti reappears, liowever, in the efferent ducts of the testis 
and the coni vasculosi, and circular muscular fibres are added in the coni vasciilosi 
and in the duct of the epididymis. 



Fid. 8‘)a. — Section oe a testicee of a !)-yeak-oed cinr.o. (Spaiigaro.) 

o, ciilarged colls (spermatogonia), some of them dividing; several eontiiin crystals (rjiibar’s 
crystals); 6, colls lining the tubule; c, coagulated contents of tubule; (?, interstitial tissue; 
e, mast-cells. 

Spermatogrenesis. — The seminiferous tubules arc lined with several layers of 
epithelium-cells which vary in appearance according to the condition of develop- 
ment of the spermatozoa. In the young subject before puberty tlie epithelium 
is formed of two or three layers of cells (fig. 899), which show no well-marked 
distinction, except tliat those of the outer layer next to the membrane of the 
tubule are rather more regularly arranged than the rest ; the cells at first 
almost fill the tubule, leaving little or no lumen. Amongst them a certain 
number of large, clear cells begin quite early to be differentiated : these become 
the spermatogonia (see below). After puberty some tubules are to be seen 
containing fully developed spermatozoa, and others at various stages of forma- 
tion (fig. 900), and, as just mentioned, the appearance of the tubules differs 
accordingly (figs. 901, 902). In tubules in which the spermatozoa are fully developed 
and ready to be discharged there appear to be three layers of cells, viz. : 1, the 
lining epithelium, formed of cubical cells, some of which enlarge to form the sfer- 
niatogonia ; 2, large spherical cells derived from these and themselves in process of 
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Fi(i. 900. — Section from the testicle of a 4‘2 year-old man. (Spangaro.) 

o, interstitial cells; &, some containing pigment; c, nuclei of ordinary connective-tissue 
cells ; d, mast-cell. In the section of the tubule may be seen in succession from without inwards, 
spermatogonia, spermatocytes, spermatids, and spermatozoa. A few spermatids and sperma- 
tozoa are detached and occupy the middle of the tubule. 



Fig. 901. — Section of farts of three seminiferous tubules of the rat. (Schafer, from 
a prej)aratiou by A. Fraser.) Moderately magnified. 

G, with the spermatozoa least advanced in development; 6, more advanced; c, containing 
fully developed spermatozoa. Between the tubules are seen strands of interstitial cells with 
blood-vessels and lymph-spaces. 
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mitotic division, the spermatocytes \ and 3, a large number of small cells with resting 
nuclei, the spermatids. * These last are ready for transformation into spermatozoa 



Fig. U02. -I’oUTlONS of two TUHULES FKOM the hat C0KKESJ‘0NJ)1NG to tiif tuiiules h 
AND C OF FIG. 1)01, BUT MOKE HIGHLY MAGNIFIED, (F. II, A. jMill’sliall.) 

G, bascmoiit-menibranc ; />, spt‘rmatogoniuin ; r, spcrmaioeyto ; ^/, speruiatozoa within luinon 
of tubo; u, ijiterstitial cells. 



Fig. OOih— T iunsfokmation of a sfermatid into a sbehmato/oon : mouse, (lieiida.) 

G, spermatid with a filament extending from its centrosome beyond the cytoplasm. The 
arehoplasni lies on one side of the nucleus ; 6, extension of the filament ; the archoplasm is 
now at the opposite pole of the nucleus ; r, elongation of the cell and passage of the nucleus 
towards the end opposite the “ tail ” filament to form the head of the future spermatozoon ; 

(I to /i, transformation of nucleus into head of spermatozoon, and formation of middle piece 
from part of cytoplasm. The spiral fibre of the middle i)iece is produced from the mitochondria 
of the cytoplasm. 

^ ‘ Young spermatozoa ’ of H. II. Brown (Quart. Journ. Micr. Sci. xxv. 1885), who was the first to give a 
clear description of the changes which occur in the seminal epithelium in the production of spermatozoa, 



spermatoctENESis 621 

as soon as those which arc fully formed (and which usually occupy the lumen of the 
tubule) are discharged. 

The spermatocytes are formed from the spermatogonia by ordinary mitosis, but in the 
formation of spermatids from spermatocytes there are at least two successive divisions, 
neither of which are of the ordinary typo of mitosis, but are respectively hctero- and homo- 
typical (sec pp. 51 and 52). At the final division (he number of chromosomes in each cell is 
reduced to one- half. 

The process of transformation of spermatids into spermatozoa (figs. 903, 901) 
consists in the accumulation of the chromatin of the nucleus at one pole of the cell 
to form the head of the spermatozoon, and the outgrowth of a filament from the 
(double) centrosome to form the tail filament of the spernnitozoon, the rest of the 
cell becoming partially atrophied ^ and transformed into the middle piece of the 
spermatozoon. These changes are known collectively as spermato(fe>iesis. In their 
course the developing spermatozoa become grouped together into bundles with the 
head end of each directed towards the membrane of the tubule ; these ends become 
imbedded in an enlarged lining cell known as a cell of Sertoli, Through this the 



FkJ. 1)04. — TjIK EAULIKK CUAXUKS IN THE Sl'KllMATlES IN TUK ('OUllSE OF EOIIMATION OF 'I’lIE 

SE E II .M A TO / O A . ( N i ( -ss i n g . ) 

Tlio filil-filamont, is scon (in <t sind r) to extoiul from tlm controsomo, which lies close to tho 
nucleus, Tho lu'iul-Ciip (shown in c) is pro<luc(.'d by a triinaformatioii of part of tho ai'choplasm 
which becoinos vacuolated {h, r, d). 

developing s])erniatozoa appear to derive nutriment (fig. 9o5). Hut as the trans- 
formation into fully formed spermatozoa proceeds the heads of the spermatozoa 
become gradually shifted further from the membrane of the tubule, this being 
apparently effected by a growth in length of the cells of Sertoli. Eventually the 
Sjiermatozoa become set free from these cells and then lie wholly within the lumen 
of the tubule. These changes in the form and arrangement of tlie developing 
spermatozoa give a streaked appearance to the epith(?lium of the tubide when 
seen in section. While these changes in the spermatids are proceeding, the 
spermatocytes are at the same time undergoing mitotic division to form a new 
crop of spermatids, so that a constant s(‘ries of changes is being produced in the 

' Some of it may be thrown olT and the granules within the cells set free as the ‘seminal 
granules.’ 
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A CKIJ, OK Hkh- 
T(||,I Uiril WHICH TIIK 
SI'I'.RMATIDS (TirUKK (»K 

w nil II '.UK shown) auk 

IIKOINMNO TO UK CON- 
NKCrKD; Hl’MAN. 

(IJriuniHim,) 

Tlio coll (•(luiiiins infill- 
liiilort (of inilriiivo suli- 
siaiico'istiiiiiiti}^ witllosmi(• 
ll(;i(l, luui Hiiiiiliir l)iit 
hiiiiillor j;lolmloa arc also 
soon in I, ho Hporiiiatids. 
A ‘ rii)}^' ’ is UHiially forinoil 
around Ihotail Hlaiiiontby 
0110 of till! partiidos of the 
(donhlol controsoiiio; iliis 
is sliowii ill oaoli of those 
sponnalids closo to tho 
‘ lioad.’ 



KlO. 'dOll.-hlAOHAM KXmitniNli TIIK CVCKK OF PIIASKS OF SFEllMA- 
TooKNKsis IN THF, HAT. (Soliiifor.) (Tliis diagram is founded upon 
llio drawings of If. II. Brown.) 

0 , s|>oniiat()gonia, soon dividing in (5; a\ colls of Sertoli; h, 
sponnatooytos, with skoin-liko nnidoar filaments : thosi* colls aro soon 
aolivoly dividing in 5; c, spi'niiatids I’orniing an irri'gular column or 
cluniii in (i, 7, H, and 1, and connoot‘'d to Sertoli cell, a \ in 2, d, 1, and 5. 
in (>, 7, and 8, advanced spermatozoa of one crop aro soon between 
columns of spermatids of the next crop, s', parts of the spermatids 
which disappear when the spermatozoa are fully formed; ,s', seminal 
granules, [irobably resulting from thi' disintegration of .s' ; a", in 1 and 
2, ari' Sertoli (‘ells which arc probably becoming atrophied. 
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appearance of different parts of the tubules or even in longitudinal sections of the 
same tubule. Such difierences of appearance are represented diagrammatically 
in tigs. 906 and 907. 

Since the spermatozoa represent the product of the seminiferous tubules and 
are themselves complete cells the testicle is not a true secreting gland in the same 
sense as the salivary gland or the kidney, but its cells are bodily passed into the 
duct after having undergone certain morphological clianges. 


The spermatozoa. — A spermatozoon is composed of a liead, middle piece, 
and tail (fig. 908). The limd is formed from the micleus of the spermatid : it stains 


intensely with basic dyes. In man it 
has a flattened oval shape, narrowing 
in a wedge-like manner towards the 
free extremity. This extremity is 
covered by a clear head-cap^ derived 
from tlie archoplasm of the spermatid 
by a process of vacuolation (fig. 904) ; 
the head-cap is not distinguishable in 
the fully formed spermatozoon of man. 
The middle piece is formed from the 
cytoplasm of the spermatid or at least 
from a part of the cytoplasm ; the 
greater portion either breaks away or 
becomes atrophied. In some animals 
it is encircled by a spiral fibre do- 
veloped from mitochondria (Benda, 
fig. 903) ; this fibre is not divStinct in 
the liiiman spermatozoon. The middle 
piece contains a centrosome from 
which a fine cilium-like filament ex- 
tends into the tail. Tlio tail in the 
human spermatozoon is a fine tapering 
filament ; the terminal part is some- 
what suddenly narrowed (end piece). 
The fibril from the centrosome extends 
throughout the tail. Sometimes there 
are two or more fibrils, and in some 
animals there is a membranous fringe 
along the tail. 

The average length of the human 
spermatozoon is from 50 /x to 60 /x ; 
the head being about 4*5 /x and the 
middle pi(?cc about the same or a 
little more. In breadth the liead 
measures about 2*5 /x and in thick- 



ness 1*5 the middle piece is less 
than 1 /X in diameter. The tail is 
about ten times the length of the 
head (45 p). 


Fig. DOM. -Human spkumatozoa. (Broinan.) 
Ifiglily niagnifunl. 

(I and b represent spermatozoa in face, in different 
foci of the microscopo ; c and </, in profile view. 


Great variations in size, in the shape of the head and in the details of structure of the sperma- 
tozoa are found in dillerent species of animals (see fig. 909). Even in the same animal it is 
common to find more than one kind of spermatozoon ; some, much the fewer in number, being 
far larger than the rest {giant spermatozoa). This holds true for man as well as for most 
animals investigated. The larger spermatozoa in man arc as much as 75 p in length, and 
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.3*5 fjL in the breadth of the head. Duplication of head or tail, occasionally met with, is 
probably due to abnormality of development. 

Blood-v6BBelB, lymphatiCB, and nerveB.— Blood-vessels pass into tlie 
or^/an by the mediastinum, and ramify over the septula and inner surface of the 
tunica, albuginea ; tliese vesscds pass amongst the seminiferous tubules. In the 
intertubular tissue are larger sinus-like lymphatics, which pass out to the spermatic 
cord alongside the blood-vessels. TluTe is also a lym])hatic plexus unde]- the 
;dl)uginea and a, subserous phexus under the tunica vaginalis. 

The arteries and veins of the testis and epididymis are tliiri-wallod and have 
relativtdy little muscular tissue. The internal spermatic artery, whicli passes to 
the testicle in the spermatic cord, resembles in structure ordinary art(*ries of the 



aoa, — DiFFiaiKN r io»ums of si'KUMato/oa. ( From Verworn.) 

a, of hilt ; h, c, of I'roj^ ; </, of linch ; r, of ram ; /’, i/, of hoar; //, of a jcllv- 
lisli ; of a moiilicy ; of roniid-wonn ; /, of cial). 

^ sa]]U‘ size; but the corr(‘Sponding veins in the eord have v(mv thick 

1 walls, with a, circular muscular coat even thicker than that of the 

I art(‘ries, and with longitudinal muscular libres both in th(‘ intima, 

' and in the form ol strong bundles also in tlu^ adventitia. 

The iiiM-ves are (hu-ived from the sy m|)atlietie ; tli(‘v <i(‘eom[)any tlu' blood-vessels 
and ar(‘ mainly disti ibuted to th(*S(‘ (Betzius). Tiu'y do not [xuu't lali* into tll(^ 
tubules.* Tlios(‘ of the (‘jtididymis havi* occasional ganglia in tluur course, but 
there an* no ganglia on the n(‘rv(‘s to the vas. d(‘ten*ns (Ti]nof(‘('w), 

Zntertubular substance. — The tissue between tlu^ tubuh'S is composed of 
loose areolar tissiu* with nuinerons (dastie lil)res, many of w hich eneirele the tubules 
and h(‘l[) to constitute tlieii- walls (lig. t)l()). The tissue contains a lew ordinary 
tlatt(‘ne(l connect ive-tissiie c(‘lls and mast-cells, and a, variables aifiount of cells and 
eell-groiij)S of ])eeuliar eharaeter, known as the infcrsiidal cells (Leydig) (tigs. bOO, 
b01,b()2). Aceordiiig to the testimony of most observeis, tlu'si* e(dls h.ive a mesen- 
ehymie origin, and should therefore l)e regarded as modified conncctive-tissiu* e(‘lls. 
but in animals in which they ar(‘ ai)undant, as the eat and the boar, they h;iv(‘ the 
ap})t'aranee of masses of e])itlieliuni-lik(* e('lls, eithei- isolated or joined together 
into strands whieh may form a network between tin* tubules. When pre- 
s(Mil in abuiuhuiei* they confer a linn eharaeter u])on the testicular substance. 
In man llu'V aie fairly numerous, and are coitiposed of polygonal oi- somewdiat 
flattened c(‘lls with well marked exeentrie nuclei, ('ach showing a distinct nuclear 
network and nucleolus. The (a‘ll-})rotoplasni eontaiiis a double centrosome 
( Kbm t h) elos(' to t he nucleus (tig. IM 1, r/). Tlu* cytoplasm frequently is found to 

^ Accoritiii^ to Sclavuiios nervo-fibrils pcuotrato to the opitluaiuin botli in ilie seminiferous tubes 
and in tlt<‘ duets (Anat. An/. \k. 
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enclose granules or globules of a fatty or lipoid nature, sometimes of a yellow 
colour ; they are blackened by osinic acid. Tliere may also be crystals 



Fl<i. 1)10. — KlASTIC IIHKKS OF INTFJlTUIMFAIt CON NFC'l'l V K TISKt'K OF I' FSTIC L F , SKKN 
EN( lltCl-lNti Till; TCIUT.FS. (Jb. ( '. Jlill.) 


i)ll) of an indeteriuinate natiin*, varyifijj: in sizi* and nuinbtn’, but generally of 
an elongated prismatic slia])e. 

a !> 



I'lO, 1 ) 11 . —Two INTF.HST1TIA1. CFT.F.S OF TIIF HITMAN T KS'ITCLK, CONTAINlNti UkINKF.’s 
( itvsTAES. (Eljcrtli.i .MiaMiilH'd IdOO diiunott'rB. 

In a tlie crystals iire Himiller and more nunicroiis than in 6. A double ccntroaoinc is 

seen in a. 

T'hesc (Ty.stal.s were first described by Keiiikt*. 'ITua inUa’stitial cells are not the only cells 
in the testicle Avhere crystalline bodies are mt't with, for ery.stals which appear to be similar in 
character arc found in some of the spermatogenie cells of the seminiferous tubules (Lubarsch) and 
other much smaller bacillus-likc crystals occur in the cells of >Scitoli (Spangaro). Crystalline 
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mas^s are also found in the ejaculated semen after evaporation (Bottcher) : these, which 
contain a base named spernnn^ are probably derived from the secretion of the prostatic glands. 

The interstitial cells are found in the fretus in considerable number, but their amount 
diminishes relatively during childhood, to become increased again at puberty. In animals which 
arc subject to scascjnal changes they arc most developed during the periods of sexual activity. 

Rudimentary structures found in connexion with the testis and epididymis. — 
Ihc appe ndix of the ieMicle (hydatid of Morgagni) is a small pedunculated body which lies 
over the upper part of the organ (fig. A), its peduncle being attached at the angle between the 
testicle and e[>ididyrniH. It is convex externally and concave where it rests on the testicle, and 
is surrounded by an extension of the sctous coat of the gland. The surface, which is often smooth 
but may be deeply corrugated, is covered with ciliati^d epithelium. The appendix is composed 
of a vascular connective tissue*, which contains some plain muscle. Within it is a closed tube 

with narrow lumen, lined cither by ciliated 
or by simple columnar epithelium. The lumen 
of the tube may be dilated ; it is found 
sometimes to open into the serous cavity of 
the tunica vaginalis testis. The appendix of tin; 
t(‘sticle is developed from the free or upper 
extremity of the Miillerian duct. 

Another somewhat similar structure, of pyri- 
form shape*, the nppendixof the epididijinis, which 
is also som(‘ti)nes n'ferred to as a hydatid of 
.Morgagni, is often found attached to the upjjor 
or lat(*ral surface of the head of the epididymis 
by a distinct stallc. Jt is composed, like the 
appeinlix testis, of a vascular connective tissue ; 
it, however, contains an elongated closed cavity 
of relatively considerabh; lumen, Idled with Iluid 
and lined by colmnnar or ciliated ejutheliufu. 
Tin* cavity is sometimes subdivided into 
small(‘r jiarts, and both thesi* and tin* singk; 
cavity may be considerably ililatcd. Tin* s\ir- 
facc* is covered by si'ious endothelium. In the 
(hild tin* <avity or eaxities may lommunicatc 
with that of the tunica vaginalis. 'Pin* stalk 
(•(uitains bundli^s of plain musculai’ tissiu*. 

Ac<‘ording to Kobcit this hydatid is dexc- 
lopi'd from the r(*mains of some of tin* luliules 
of (In* W'olflian body, but it si'i'ius more pro- 
bable that it oxv(‘s its origin, as suggested by 
'Poldt, to a portion of tin* .Miillerian duet. 

What a])pcars to be nunuins of a part of 
tin* Wolllian duet is met xvith in eofjiu'xion xvith 
tin* leti* ti'stis, and eonsisls of a tubule, sonn*- 
xvbat- likt* a vas elTerens, wliich may he dilated 
into one or more small cysts. This is term(*d 
the appendix of the retc, 

I'r/.s- oherrons . — 'Phis name xvas applied hy 
Haller to a long narroxv tube, or divertieulum 
(lig. S!H), i), diseov(*red by liim, and almost in- 
varialdy met with, xvhieh leads o(T from the loxver 
[•art of the canal of the epididymis, or from tin* 
commencement of tlie vas deferens, and, be- 
coming tortuous and eonvolutt'd, is rolled u]) into an elongated mass xvhieh extends upxvards for an 
inch or more amongst the ves.si'ls of the spermatic coixl ; here the tuhi* ends by a closed extremity. 
Its h'ligth, xvhen unravi'llcd, ranges from al>ont o to IIO centimetres; its xviilth increasos 
towards its blind extri'inity. Sometimes this dixerticulum is branched; occasionally there 
an* txvo or more such ah(*rrant duets. Its struetiirc appears to be similar to that of the vas 
(U*tViens. Its origin is probably eonneeted xvith the Wolllian duet of the fmtus. Liischka 
states that oeeasionally it does not eommxinioate with the canal of the epididymis. 

!U)tli has (leseril)(*d other small blind vasa aberraiitia lying along the epidklymis and eonneeted 
with tlie retc testis. 



l'ho.Ul2. — 'Pni’ I.I CT TCNII'A V.VCINALIS OeCN’KO, 

SUOXMNO I IIK I'l.sris, Kl’llUDVXllS, I ROM 

TIIK oiri’KR SIDI;. (Allen 'Phoinson.) 

J>, />f < nt ('tlgos of ihc parietal hiyi'i* of the 
tunica xagiiiuliM drawn aside; /, liody cf the 
testis; c, e', epididymis; /', a fold of tin* tmiiea 
vaginalis passing from the bo<ly of tin* testis to 
ilio side. In the upper part of tin* Hgun* tin* 
tunica vaginalis lias heeii dissected olT at tlu* 
jilaet; of its rellexion on tin* cord to show r d, 
the \ as deferens, and f/, the organ of (liraldes; 
(t, tin* tliree small nodules of tins organ (mlargcil 
ahout ten times, and showing the remains of 
tnhular stnicl ure within tliem ; //, hydatid of 
Morgagni, or appendix of the testicle. 
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Organ of GiraMi^s , — The small body thus named is situated in the front of the cord im- 
mediately above the head of the epididymis (see fig. 912, g). It consists usually of several small 
irregular masses containing convoluted tubules lined with columnar ciliated epithelium, and 
is scarcely to be recognised until the surrounding connective tissue has been rendered trans- 
parent by re-agents. It has also received the name of jjaraduh/mis (Waldeyer). Its tubules 
appear to bo vestiges of part of the Wolffian body. 

In connexion with the paradidymis, there are often met with small masses of chromaphil 
cells resembling those of the medulla of the suprarenal capsules {paraganglia of Kohn). 
Portions of tissue which resemble the cortex of the suprarenal are also present occasionally, if 
not constantly, in the mediastinum testis between the vessels of the pampiniform plexus of the 
spermatic cord ; and also adjacent to the vas deferens, especially near its commencement in 
the tail of the epididymis. This tissue is not, however, usually associated with the 
chromaphil substance. 

Chang-es in the structure of the testicle with age, — These changes have been studied 
by Spangaro, who finds that, normally, as age progresses — although spermatozoa may still bo 
formed at a very advanced age — certain changes tending towards atrophy manifest tlicmsclvcs. 
Thus the tubules become smaller in diameter, and their walls relatively thicker, whilst the 
spermatogonia arc n'lativcly less numerous. On the other hand the spermatocytes and 
spermatids may be relatively more abundant than in the young subject. Abnormally the 
testicile may undergo marked atrophy with the advance of age, the tubules being much diminished 
in size and the spermatocytes and spermatids becoming few in numbtu- or disa])pcai ing altogether, 
the spermatogonia and the c(‘lls of Sertoli being tb(‘ only elements wliich are left. Ultimately 
the atrophy may proceed to loss of all the contents of the tubules, which bc'come completely 
(ollayjsed and empty, the whole organ l)eing greatly shrunken. 


THE PENIS. 

The penis is composed principally of erectile tissu(% arranged in throe long 
somewhat cylindrical masses, which are enclosed in hl>r()ns sheaths (tigs. 913 to 91G). 
()f these masses, two, named corpora cavcniosa penis, ])laced side by side, form the 
principal part of the organ, whilst the other, situated beneath the two preceding, 



I’KMS IN TIIK DlSrENDei) STATE, IIAEK AN 
INCH HEHINl) THE MEATUS. (8y JIlingtOH. I 

I, glans ])(Miis; ‘2, pr(‘y)U('e ; o, inethra ; 
4, fnentim of the prepuce. 



eUNIS IN lUE DISTENDED STA'IE, SE\EN- 
EKiHTHS OE AN 1N( II HEHINI) I'llE .MEA'J'US. 

(Symington.) 

1, glans penis; 2, j)repnee ; uretlira ; 
t, corpus cavernosiim ; 5, corpus sjiongiosuni. 


surrounds the canal of the urethra, and is named corpus carernosuni urclhrfc or 
corpus spon(}iosu}n ; it is enlarged distally to form the (flans. 

Zntegrument. — The skin which is continued fiom that of the ])ubes and 
scrotum forms a simple investment as far as the neck of the glans. Here it is 
doubled up in a loos(» fold, the prepuce or fore-skin. At tin; meatus urinarius the 
skin is continuous with the mucous membrane of tlie uretlira. 

Upon the liody of the penis tjic skin is thin, free from fat, and, in tlie anterior 
two-thirds of its lengtli, from hairs also ; when present the liairs are short and 
thinly scattered, especially on the dorsal surface. In these respiicts tlu^ skin 
differs remarkably from that on the pubes, which is thic*k, covm’s a large cushion of 
fat, and, after puberty, is beset with hairs. The skin of the penis is very movable 
and distensible, and is of a darker colour than the skin generally. It contains both 

s s 2 
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sebaceous and sweat glands, the latter smaller than ordinary. On the inner side of 
tbe prepuce the integument changes its character, and approaches that of a 
mucous membrane, bein" red, thin, and moist. In man it contains no glands. 



Fid. 1 ) 15 , 'rUA.NSVKHHH SKCTldN ()(•’ THK IIODV 

OF 'I'llK PKMS IN I'lIE DISTENDKI) STATE. 

(Altered from Moiilc.) 

'rii(! oulor outline imlieateH tlie inte^Mimeiit 
.'iiMToumlin^ the deepm’ parts; tlui erectile 
tissues of tlie (“orpora eaveriK>sa and tin* .septum 
peetimforme are sliowii in .H(*ction ; //, plac«nl on 
ttie section of the S)K)ii;^^y body lielow the uretlira ; 
e, the sinj^ni! dorsal vein ; tlu' dorsal arte.ry, 
and n, the nerve of one side. 

but occdir even as far us the extremit} 
most part, a (‘ircular direction. Under 


although Tyson described in the orang 
glands round the corona glandis {glandulce 
odorijerce), and in som(‘ other animals 
racemose glands yielding a sebaceous 
secretion occur within the prepuce. 

The skin whicli covers the surface of 
the glans contains no glands. It is beset 
under tlie epithelium with large vascular 
and nervous papillte. It adheres in- 
timately and immovably to the spongy 
tissue of the glans. In some individuals 
the skin of the glans is roughened by 
papillary projections, especially at the 
corona; in others the surface is smooth. 

Beneath the skin on the body of the 
penis is a layer continuous with the dartos 
scroti. Like that it contains plain muscle- 
tibres ; these diminish in number distally, 
of tlie prepuce. Tlie fibres liave for the 
tlie tunica dartos tlie ordinary superficial 



Fill. Did. Thansversk section of olans i'knts of cun, I). (Hotlifcld.) 

r.c,, C()r[)orii cavmuosa; .sp, corpus spongiosum ; .s/i', corpus spongiosum urcthno, with the 
lumen of the urethra in the centre appearing as an irregular slit with folded walls. 


fascia is very distinct, and richly supplied with elastic tissue ; it is continuous 
with that of the groin and perineum. Near tlie root of the organ tlicre is a dense 
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band of fibre-elastic tissue, named the suspensory ligament^ lying amongst the 
fibres of the superficial fascia ; it is triangular in form ; its anterior border is free, 
its upper border is connected with the fore part of the pubic symphysis, and 
below it runs down upon the dorsum of the penis. 


(I 



FlO. 1)17.— FHOM TKANS\ ERSE SECTION OF THE PENIS OF A MONKEY. (F. H. A. Marshall.) 

a, part of corpus spongiosum glandis; />, urethra; r, corpus spongiosum urothne ; nerve ; 
c, r, Pacinian cor^nisclos; /, fold of preputial epithelium. 

The corpora cavernosa form the principal part of the body of the penis. They 
are two cylindrical bodies placed side by side, flattened on the median aspect, 
and closely united and in part blended togetlier along the middle line in the anterior 
thrce-fourtlis of their length ; whilst at the back part, in contact with the symphysis 
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pubis, they separate from each other in the form of two bulging and then tapering 
processes named crura (fig. 029, (•< ), which, extending backwards, are attached to 
the pubic and iscliial rami, and invested by the (‘rectores penis or ischio- 
cavernosi muscles. The enlarged portions at the root, named by Kobelt the bulbs 
of the corpora cavernosa, attain a much greater proportionate development in some 
quadrup(*ds than in man. In front, tlui corpora caveunosa are clos(‘ly bound 



I''[(i. Uls. — 1’aut or A srcTioN or onk or 'iJir coiiPouA cavernosa, inmected ehoat the 

DEEl* ARTERY OE I'llE PENIS. (llcillo.) 

On tile left is seen the fibrous tissue; at *, a section of the urteria profunda penis. 

together into a blunt conical (‘xtnunitv, which is (*overed l>y tlie glans penis and 
firmly connected to its has(‘ by fil)rous tissue. 

Th(‘ un(l(‘r-surfac(‘ of tla^ united cavernous bodies is markaal bv a longitudinal 
grooves in which is lodgial the corpus spongiosum. Th(‘ upper or ant(‘rior surface 
is also ?nark<‘(l with a slight median groove' in which the' dorsal vein of tlu' penis 
is situab'd i\(‘ar tin* root; this surface is attaclu'd to th(' ])ub(‘s by the suspensory 
ligament. 


Pin. aia. — Section or eueci’ii.e tissue or penis in a non-distended conoition. 

((’aUiat.) 

n, trahcculu' of connective tissue witli many clastic fibres and humllcs of plain muscular 
tissue, some of which are cut across (c) ; 6, hlood-sinusos. 



The median sefitum between the two corpora cavernosa is thick and complete 
near the root of tlu' penis ; hut further forward it becomes thinner, and only 
imperfectly separates their cavities, for it exhibits, particularly towards the anterior 
extremity, numerous ('lefts, extending from the dorsal to the urethral edge, and 
admitting of a free communication between the erectile tissue of the two sides. 
From the arrangement of these slits, the intermediate white portions of the 
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septum resemble somewhat the teeth of a comb ; hence the partition has received 
the name of septum pectinijorme. 

The external fibrous investment of the cavernous structure (tunica albuginea) 
is white and dense, from one to two millimetres thick, and very strong and elastic. 
It is composed for the most part of longitudinal bundles of shining white fibres, 
with a moderate number of elastic fibres, enclosing the two corpora cavernosa in 
a common covi'ring ; internal to this, eacli corpus cavernosum is surrounded 
by a layer of circular fibres, which enter into tin* formation of the septum. 

From the inside of the fibrous envelope*, and from tin* sides of the septum, 
numerous lamella* pass into the interior of the corpus cavernosum, and there join 
tin* bands and cords com])Osed of fibrous (*lastic and plain muscular tissue, named 
traherulfT, whicli run througli and across tin* cavity in all directions, thus sub- 
dividing it into a multitude of int(‘r(‘(unmunieating sjiac es, and giving the entire 
stru(‘ture a spongy character (fig. 918). 



iriO. — PojM'ioN oi' un: kijkc rju: tissi'k of i iii; 

COKl’iS »'A\ FIINTISIM :\r A( 1 M F I K I), SlIO\VlN(i IMF 
AHKOFAIFD S rilFC IFKF, AND TIIF, I>IS TKl lU 1 loN 
OF AN AK’I FKIHFF. i.l. .M iillciM 

</, a snial] artory siipporfcd by tlic trubrciila', 

and bran(‘l)in;4 out on all sides; r, tlie tendril lil<«* 


A and 1>, from tin* corpus cavernosum 
])cnis ; 1), frmn tin; cor|)Us sponi^iosum ure- 
tbi ji* ; traiisvcrsf' section of om; of the 
bciioinc arteries; in tin’s and the other 
li;^nr<“s the smaller latm’al jn-olon^ations of 
th(! arterial vessels into the sheath arc 
slmun : * fasciculi of connective tissue 


arterial tnlts or helicim; arteries of M iiller ; a, tlie areo- passiu}^ olT from tin; summit of two of the 
lated structure formed by the liner lraV)ecuhe. sheaths. 


gradually thick(*r towards tin* crura. Tin* inlcrsj)accs, conversely, are larger 
in the middh* than near tin* surfaeu* ; their long diameter is, in the latt(‘r situa- 
tion, ])lac(*d transversely to that of tin* penis ; tln‘y beconu* larg(‘r towards the 
fore part of tlie p(*nis. At many plac(*s then* are jirojections from the trabetuila) 
into the spaces; these an* mainly formed of muscular tissue (fig. 9P)). The spaces 
are occupied hy venous blood, being in reality large cav(*rnous veins, and are lined 
hy a layer of (*ndothelium similar to that lining other v(*ins. 

Tile intertrabecular spaces thus form a labyrinth of intercommunicating venous 
areola3 divided by the trabecular tissue, and opening freely from one corpus 
cavernosum to the other through tlie septum, especially in front. The blood is 
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carried away from these spaces by two sets of veins, the one set joining the prostatic 
plexus and pudendal veins ; tlie otliers passing into the dorsal vein. Of these 
last some issue from between the corpus cavernosum and the spongy body of the 
urethra, encircling the penis nearly at right angles, while others pass more directly 
into the dorsal vein from the upper surface. 

The principal arteries of the corpora cavernosa are the cavernous branches of 
the pudic arteries (profundic penis) of the right and left sides, which run through the 
middle of each corpus cavernosum ; but the dorsal artery of the penis also sends 
small twigs through the fibi'oiis sheath of the corpora cavernosa, along the upper 
surface, especially in the fore part of tlie penis. Within the cavernous tissue, the 
numerous arteries (arteries of the traheculce) are supported by the trabeculse in 
the middle of which they run, and terminate in branches of capillary minuteness 
which open into the intertrabecular spaces ; some of the arterial twigs project 
into the spaces, and there form peculiar curling and somewhat dilated vessels, which 



Fio. 922. — Section of an autekv of the bulbus uuetiir.e of an adult. (Eberth.) 

Magnified JJOO diameters. The elastic tissue is stained by Weigert’s method. 

a, adventitia ; b, muscularis; c, elastica externa ; d, pad of intima with, e, elastic lamellijp ; 

/’, elastica interna. 

were named by J. Muller, helicine arteries. These arc usually bound down by small 
fibrous bands (figs. 920, 921). 

The helicine arteries arc most abundant in the posterior part of the corpora 
cavernosa, and are found in the corresponding part of the corpus spongiosum 
urethra) ; but they have not been seen in the glans penis. They are more distinct 
in the human subject tlian in animals, where they are often mis.sed. Small capillary 
branches pass from them to supply the tissue of the enclosing sheath ; at their 
extremities the helicine arteries open into the cavernous spaces. 

In addition, blood passes into the venous spaces from the capillary network 
of the tunica albuginea and trabecuhe; some of the small arteries of the trabecula) 
open directly into the venous spaces at the periphery of the corpora cavernosa (and 
also in the bulb of the corpus spongiosum) without the intervention of capillaries. 

The arteries of the corpora cavernosa have a very well marked muscular coat 
composed entirely of circular fibres ; here and there some of the muscle-fibres of the 
trabeculae run longitudinally in contact with them, but there is no longitudinal 
muscular coat. In many of the arteries, both large and small, the intima shows 
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localised thickenings; at the place of thickening the elastic layer may be split 
up into several strata (fig. 922). At certain places, especially where branches are 
given off, these thickenings are so marked as to be able, when the muscular coat 
contracts, to close the lumen and thus act as valves. 

In the veins leading from the cavernous tivssuc the circular muscular fibres are rela- 
tively little developed, but the intima contains a large number of longitudinal mus- 
cular fibres, which form pad-like prominences projecting into the lumen (fig. 923). ‘ 

The corpus spongrlosum commences below the triangular ligament of 
the perineum, where it is placed between the diverging crura of the corpora 
cavernosa, and somewhat behind their point of junction. The enlarged and 
rounded posterior extremity is named the bulb, and projects backwards somewhat 



Fia. 92S. — Transverse section of reanchks of the vena profunda penis op an adult. 

(Eberth.) Magnified 100 diametera. 

ff, pads of intima; 6, endothelium ; c, circular muscle-fibrea ; iZ, nerves ; e, small artery. 

beyond the urethra (fig. 929, n). It extends forwards as a cylindrical or slightly 
tapering body, lodged in the groove on the under side of the united cavernous 
bodies, as far as their blunt conical anterior extremity, over which it expands so 
as to form the glans penis. In the whole of this extent it encloses the urethra. 

The posterior bulbous part (bulb of the urethra), varies in size in different 
subjects. It receives an investment from the triangular ligament on which it rests, 
and is embraced by the ejaculator urinae, or bulbo-cavernosiis muscle. The posterior 
extremity of the bulb exhibits, more or less distinctly, a subdivision into two lateral 
portions or lobes, separated by a slight furrow on the lower surface, and by a slender 
fibrous partition within, which extends for a short distance forwards ; in early 
infancy this is more marked. It is above this part that the urethra, having pierced 

^ According to Golowinski these pad-like projections occur also in the arteries and veins of the 
corresponding organs of the female (Anat. Hefte, xxx. 190GJ, 
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the triangular ligament, enters the bulb, surrounded obliquely by a portion of the 
spongy tissue, named by Kobelt the colliculus hulbi ; from this a layer of venous 
erectihi tissue passes back upon the membranous and prostatic portions of the 
urethra to the neck of the bladder, lying closely beneath the mucous membrane. 
At first the urethra is nearer the upper than the lower part of the corpus spongiosum, 
but it soon gains and continues to occu2)y the middle of that t)ody. 

According to the observations of Retterer, who investigated the development of the 
organ, the glans penis is formed only by true corpus spongiosum as to the part immediately 
encircling the urethra, the greater portion being developed from integumental tissue, which 
has beconu! very vascular and cavernous, and whi(di has united with the anterior ends both of 
the corp(jra cavernosa and of the corpus spongiosum ; the vascular connexion with the latter 
is however by far the most complete (dourn. de I’anat., 1892). 

The struct u re, of the corjuis spongiosum is essentially tlu' same as tliat of tlic 
corpora cav(‘rnosa, but with a much less developed fibrous franu'work. Like the 
corpora cavernosa, it is distended with blood during erection, but- itdoi's not acquire 

th(‘ same rigidity. The fibrous 
tunic (tig. 924, 1) is much 
thiniKu*, is less wliit(‘ in 
colour, and contains more 
elastic tissiK' ; tlie tralxH'uhB 
are fimu* and more ('qual in 
size ; the areolae are smaller, 
more uniform, and directed 
for tlie most part with tlnur 
long diameter in the liiu' of 
that of th(‘ ])enis; in the 
glans, th(‘ m(‘sh(*s are smalh'st 
and most uniform. As they 
approach tin' urtdhrn the 
hicume a,c(piiiv more the cha- 
ract(*r and structure of a md- 
work of veins. Th(*reismoro 
muscular tissiu' in the tra- 
beenhe of the corpus spongi- 
osum of th(‘ urethra, than in 
that of th(' corpora cavernosa, 
but l(‘ss in th(‘ corpus spongiosum of the glans. l^lain muscular tibiuvs immediately 
surround the canal of the uj(*thra, and also form part of the exteijial coat of the 
spongy substanc(‘. 

A considerabh' artery derived from tlu‘ internal ])udic (mters tlu‘ bulb on each 
sid(‘, and supplies tin* giiNiter part of the spongv body, sending l)ranches as far as 
tin' glans penis, but this part is chi(*flv suppli(‘d by branclu's from the arteria 
dorsalis. Besid(*s these, another but much smaller branch of the pudic artery 
enUus the l)ulb on th(‘ upper surface, about an inch from its posterior 
extremity, and runs forwards in the corpus spongiosum to the glans (Kobelt). 
The arteries open into the venous spaces chieliy if not (uitindy by th(‘ intervention 
of capillaries. Wins issue from the glans and adjoining part of the spongy body, 
to end in the vena dorsalis penis ; those of the rest of the spongy body for the most 
])art pass backwards through the bulb, and end in the prostatic and pudic venous 
ph'xuses ; some (‘merge from beneath the corpora cavernosa, anastomose with the 
veins of those bodies, and end partly in the .cutaneous veins of the penis and 
scrotum, and partly in the pudic and obturator veins. 

The lympliatlcB of the penis form a dense network on the skin of the glans 



I’Ki. SkcTION (»K 'I’lIK ('OIU’IIS Sr*(»N<il<)Si;M IN-IKCTKI) 

ns AUTKHV. 

1, (ibrous tunic of Uic corpus sj»ongiosmn ; ‘J, mucous mem- 
bniuc of tlio uredira; a, section of a laciinu of the mucous 
mcinhraiic ; 4, s(‘ction of an artery. 
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and prepuce, and also underneath the mucous lining of the urethra. They pass 
chiefly into the inguinal glands. .Deeper, subfascial lymphatics are also described 
as arising in the skin of the glans penis and from two well-marked plexuses in the 
lateral fossa of the frenulum ; they pass backwards on the dorsum of the organ 
witli the subfascial vein to enter the inguinal glands. 

The nerves of the penis are derived from the dorsal and superficial perineal 
branches of the pudi(* nerve and from the hypogastric plexus of the synipathetic. 
Tlie former are distributed to tlie skin and mucous membrane, the latter entirely 
to the cavernous and spongy bodies. Some of the fibres end in the epidermis, 
otliers in the epithelium and mucous membrane of the urethra. Simple and 
compound end-bulbs (genital corpuscles) and l^icinian bodies are also found. 
Many of the nerv(^-fibres ])ass to the muscular tissue of the blood-vessels and 
trabecula'. 


URETHRA OF THE MALE. 

The male urethra extends from the nc'ck of the bladder to the extri'inity of the 
penis. Its total length when moderately stn'tclu'd is 18 to 20 cm. In sections 
across the penis tlu' walls of the canal an' in close apposition, tlu' outliiu' of the 
urethral cleft being vertical or J.-sha.pcd in the glans (figs. 911). transverse in 
the body of the penis (fig. 915), stellaO' in the membranous ])art, and cia'scentic 
about the middle of the prostatic part (fig. 925). 

Its dianu'ter wlu'u moderately disteiuh'd dilTers 
at difh'rent parts. The wall of the tube con- 
sists of a, mucous membrane, supporti’d bv an 
outvr layer of submucous tissue coniu'cting 
it with till' several parts through which it 
passes. Ill till' submucous tissiK' plain musch' 
occurs throughout tlie whoh' extent of tlu' 
urethra (Zuckerkandl), tlu' iniu*r fibres dis- 
pos(‘d longitudinally, the outi'r in a circular 
direction. But tlu' musculai- coat completely 
(‘iicircles the tulx* only as far as tlu' o[)enings 
of the glands of (Jowpi'r, and is mainly longi- 
tudinal. In front of that situation the muscular 
filires art' confined to tlu' u[)[)(*r and lati'ral 
walls. Herzog failed to lind muscular fibre's 
in the part within tlie glans. 

The lining nn'inbraiie of tin' prostahe portion oj titr nrdlint is thrown into 
longitudinal folds, when not distended by lluid. Towards tin' m'ck of the bladder 
a sliglit elevation on the posti'rior surface' passes bae‘k into the uvula vesie*ai. 
Bome'what in advance' of this, anel continue'd from it aleing the fioor (posterior 
wall) of the ])assage, pre)je*cts a narreaw nu'elian ridge whie’h graeluallv rises into a 
peak, and sinks down again at its anteriejr or lowe'r end ; it is feirmed by an elevation 
of the mucous membrane' and subjacent tissue*. This is the crista iir<tlira: or 
coUieulus serrurialis. On each side of this ridge* the surface is slightly depre'sse'd, 
so as to feirni a longitudinal groove, named the prostatic sinus, the fie)e)r of which is 
pierced hy numerous foramina, the orifice's of the prostatic ducts. Thre)ugh these 
a viscid fluid oozes out on pressure. The ducts of the middle* lobe open some abejve 
the urethral crest, and some below it. The mucous membrane of the* prostatic 
uretlira is covered by an epithelium like that of the bladder. 

At the fore part of the most elevated portion of the crest, and exactly in the 
middle line, is the orifice of a blind recess, upon or within the lateral margins of 
which are placed the slit-like openings of the common seminal or ejaculatory ducts> 



FlO. a2r>. -'rjlANSVKllSK SKCTION OK TllK 
KKKTilllV 'rifRoUOI! TJIK KUOSTATE 
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one at each wide. This median opening leads into tlie 'prostatic utricle (prostatic 
vesicle, uterus masculinus). 

The utricle is a cul-de-sac running upwards and backwards, for a distance of 
from 6 to 12 mm. Its orifice forms a longitudinal cleft about 2 or 3 mm. in length, 
but the utricle increases somewliat in diameter towards its farther end or fundus. 
The narrow portion runs in the urethral crest ; its fundus lies behind and 
beneath tlie middle lobe, and in some cases reaches to the posterior surface of the 
prostate gland. Its parietes, which are distinct and of some thickness, are com- 
posed of fibrous tissue and mucous membrane, together with a few muscular fibres. 
They enclose on each side the ejaculatory duct. Numerous small ramified and 
convolut(.‘d glands open on the inner surfaces of the utricle. The epithelium is 
columnar and by some authors is stated to be ciliated. Small glands open 
into its cavity near the entrance into the urethra. The colliculus contains well- 
marked ercf-tile and plain muscular tissue. It has been supposed that this 
emimmee, when distended with blood, may offer an obstacle to the passage of 
the semen backwards into the bladder.' 


a 



Fi(i. U2 G.-— Section of the mccous membrane of the urethra, proximal to the orifices 
OF Cowi'Er’s olanhs. (Lichtenber}^.) Magnilied 200 diameters. 

<i\ corium of mucous membrane, 'witli numorouB blood-vessels; h, epitliclium; r, fZ, erypt-like 
invaginations of the epitlielium. Tlie cells of these crypts are sliorter than those of the general 
Hurfaci; ; iliey secrete mucin. 

The niemhranous portion of the urethra cornj^irises the part between the apex 
of the prostate and the bulb of the corpus spongiosum. It is 18 mm. long ; but 
about two-thirds of its posterior surface is covered by the bulb of the corpus 
cavemosum, whicli |)rojects backwards over it. This membranous portion is the 
narrowest part of tin* uretlira. It lies between the two layers of the triangular 
ligament, and both these fibrous membranes are prolonged upon it, the one back- 
wards and the other forwards. B(^ tween these layers the urethra is surrounded by 
erectile tissue, by some veins, and also by plain muscular tissue, and by the fibres 
of the compressor urethrie muscle. On each side are Cowper’s glands. The plain 
muscular fibres of this portion of the urethra are continued over the outer and 
inner surfaces of the prostate into the muscular fibres of the bladder posteriorly, 
and into those of the spongy portion of the urethra anteriorly (Hancock). 

Tlii^ sponyy portion of the urethra, by far the longest and most variable in 
length and direction, includes the remainder of the canal, the part surrounded 
by the erectile tissue of the corpus spongiosum. Its length is about 15 cm. 

^ But cf. G. Walker, Arch. f. Anat. 1899. 






Section across membranous part of male urethra (Sobotta). Mag^nified 

18 diameters. 

Im, longitudinal muscle fibres; cm^ circular muscle fibres; g/, glands of Littr^. 

A 


Section of seminal vesicle, human (Sobotta). Magnified 12 diameters* 
muscular coat; gl^ gland-ltke invaginations of mucous membrane. 
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The mucous membrane of the urethra is lined by epithelium, of which the 
superficial cells are long and columnar (figs. 926, 927), except for a short distance (5 to 
8 mm.) from the orifice, where the epithelium is squamous and stratified, and where 
the subjacent membrane is beset with papilla?. A stratified squamous epithelium has 
also been described in places in the membranous and prostatic portions ; indeed 
there appear to be considerable individual differences in the character of the 
epithelium of these parts. ^ The epithelium rests on a basement-membrane. Outside 
the mucous membrane, which is rich in elastic fibres, there is a layer of convoluted 
vascular structure, composed of anastomosing veins which communicate with 
the adjacent cavernous tissue of the corpus spongiosum. Between the ordinary 
columnar epithelium-cells may in parts be seen mucus-secreting (goblet) cells, 
either singly or in groups ; they are most numerous in the depressions of tlie 
mucous membrane (simple glands of Littre, lig. 926). Within the submucous 
tissue is the layer of jyhim muscular fibres, already mentioned, incompletely 
separating it from the proper substance of the spongy body. 

The whole lining membrane of tlie uri‘thra, except iK'ar the orifice, is beset with 



ft 


Fid. ‘.)27. Part of a sfction of ruE niKTiiUA distal to iiik ohificfs of Cow io it's 
dLANDs. Matijriifiod 15.5 <liiuru tfis. 

o, b, orifices of crypts; c, blind end of a crypt; the nnch*i of its colls shown. 

the orifices of small glands, commonly named tlie glands of J.Hirc, the ducts 
of whicli pass obliquely forwards through the memlirane. They vary much 
in size and in the extent to which tludr cavities an* ramified and sacculated, some 
being quite simple. These are confined to the mucous membrane, while tlui larger 
and more complex glands extend into the submucosa. Their ducts are lined by 
the same kind of columnar epithelium as lines tlu* urethral tube itself, but tlui 
fundus of each gland and all its lateral recesses have clear columnar mucus - 
secreting cells (fig. 928). Besides these glands there are large recesses or lacuna^ 
opening by oblique orifices turned forwards, or down the canal. These are most 
abundant along the floor of the un'thra, especially in its bulbous part. Some* of the 
recesses are of considerable length and run back parallel with the urethra. One 
large and conspicuous recess, opening on the upp(‘r surface lusir the orifice of tin* 
urethra, is named the lacuna magna. A median fold of the membrane risimz from 
the inferior surface of this part of the urethra has been named the valve oj the jossa 
navicularis. Stratified concrements like those met with in the prostate (see below) 
are found in old subjects in the glandular recesses of the urethra (Robin and Cadiat). 


See Herzog, Arcb. f. iiiikr. Anat. Ixiii, 11)04. 
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Cowper'B grlands. — In the bulbous portion of the urethra, near its anterior end, 
arc the paired openings of the ducts of Cowpefs or the hulho-ureihral glands. These 
(fig. 929, C.G.) are situated above the bulb, behind the membranous portion of the 
urethra and between tlie two layers of the triangular ligament, the inferior layer 
supporting them against the urethra. The arteries of the bulb pass above, and the 
transverse fibres of the compressor urethne beneath these glands. They form two 



— SkcI'ION TIlUOlTdll THE OPENING OF THE DUET OF A <il>AND OF Ll T THE OP THE 

MAEE l UETHUA. (rjichtcnbcrg.) 200 diamoteiH. 

//, ^daod ; m, its iiioiith ; opitholiuin of urethra. Tlie {'land is similar in structure to 
Cowper’s glands, but simpler in conformation. Its colls are mucus-secreting. 

small firm rounded massi's, about the size of peas. They are compoimd racemose 
glands, composed of several small lobules held together by a firm investment. 
This latter, as well as the walls of the ducts, contains muscular tissiu'. The 
epithelium of the acini consists of clear columnar cells, with a basal nucleus and 
r(*ticular cytoplasm, staining like tin? cells of mucous glands. Secretion-capillaries 
pemdrate between the cells. ‘ Crescents ’ and ' serous ’ cells appear to be absent. 
After secretion the gland-cells are found to be smaller and more cubical and to have 
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lost their clear appearance. The ducts are lined with cubical epithelium. The 
ducts unite outside each gland to form a single excretory duct. These ducts 
run forward near each other for about 3 or 4 cm., first in the spongy substance 
and then beneath the mucous membrane, and terminate in the floor of the bulbous 



Fid. — Bask ok the maei; hladdkh, kkostatk, iIt*. (Syiiiin{.?ton.) 

yi/, piirt of base fovoroil by ])eritoncuni, separated by a dotUal line from a triangular space 
left uncovered by that membrane ; u, ureter; s. v., seminal vesicle; E. n,, (*jaciilatory duct; 
p, prostate; m., membranous part of urethra; n, bulb; e.s., corpus spongiosum ; c.o., Cowper’s 
gland. 

part of tlie iir(‘tlira by two minute oriliees op(*ning obliquely. Tlui glands secrete 
a viscid fluid, the use of which is not known. Tlu'v appear to diminish in size in 
old age. Sometimes there is only om* present, and it is said that both may be 
absent. According to Braus, the acini of these glands may sometimes anastomose 
to form a network. 

PROSTATE GLAND. 

The prostate gland (figs. 925, 929) is one of the accessory male organs of 
generation. It atrophies in the adult after the testicles arc excised, and when 
these organs are removed in infancy it remains undeveloped. In animals it 
enlarges, with the testicles, during the breeding season. 
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It is a firm, glandular, and muscular body, comparable in size and shape to a 
chestnut, traversed by the first part of the urethra and by the common ejaculatory 
ducts. It also encloses the prostatic utricle. 

Structure. — The gland is covered by a dense fibrous coat, which is continuous 
with the recto-vesical fascia, and with the superior layer of the triangular ligament. 
This fibrous capsule, which includes much plain muscular tissue, is divisible into 
two layers, between which the prostatic plexus of veins is enclosed (Adams). From 
th(i capsule trabeculin extend through the gland towards the colliculus seminalis. 
The glandular substance is associated with a large quantity of plain muscular tissue, 
which forms the principal part of the stroma of the organ (hg. 930). This muscular 
tissiu^ forms an external layer below the fibrous capsule, and extends everywhere 
through the glandular substance : there is also a strong layer of circular fibres 



J'’lO. i)oO.--SK(''l'l().\ OI' PllOSTATK OF MONKEY. (F. H. A. MiUsllilll. ) 

(I, iilveolus; />, coiicrotioii within an alveolus; r, innsenlar fibres in stroma; d, a hloocl-vossel. 

continuous posteriorly with those of the bladder, and in front with the thin layer 
surrounding the membranous part of the urethra. The part of the prostate above 
or in front of the uretlira is almost entirely muscular ; in the hinder part the 
muscular substance is in greatest quantity near the bladd{'r. Small nodules of 
Ivmphoid tissues are found in c(‘rtain parts of the gland. 

The glandular siilistance is spongy and yielding; its colour is reddish-grey, 
or sometimes brownish. It consists of numerous tubular alveoli, which unite 
into a smaller number of excri'tory ducts (15 to 30). The tubular alveoli are beset 
everywhere with irregular (*vaginations, many of which are branched ; their branches 
may anastomose with one another to form netwwks. Tlv(‘ epithelium is short- 
columnar or cubical throughout ; there is a second layer of small cells next to the 
basement-membrane. In tlie hetus and child the epithelium forms several layers 
and may muirly hll the tubules. In the adult there are frequent papillary elevations 
of tlu‘, gland-wall, covered l)y thickened epithelium (fig. 030). There is a thin 
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connective-tissue wall, with fine elastic fibres, appearing like a basement-membrane. 
In the upper part of the gland the acini are smaller and more saccular ; in the 
middle and lower parts the tubes are longer and convoluted at their ends. The 
capillary blood-vessels form a close network over the ducts and acini, as in most 
other glands. The different portions of the gland are. united by areolar tissue, 
and supported by processes of the deep layer of the fibrous capsule and by the 
muscular stroma. The ducts open upon the floor of the urethra, cliiefiy in the 
hollow on each side of the colliculus seminalis. The acini are often found distended 
so as to form cyst-like enlargements. They frequently contain concrements of 
laminated appearance resembling starch-grains, and known as ‘ amyloid ’ bodies 
(fig. 9130, h) ; these are formed of a colloid substance giving protein reactions. 

Blood-vessels, lymphatios, and nerves. — The arteries are derived from 
the vesical, haemorrhoidal, and pudic. The veins form a plexus imbedded in the 
fibrous covering round the sides and front of the gland ; tliis plexus is higlily 
developed in old subjects. The veins communicate in front with the dorsal 
vein of the penis, and behind with branches of the internal iliac vein. Lf/niphatics 
are numerous. They commence in the glandular part and, accompanying tin' 
veins, pass to a plexus at the periphery of the organ, between tlie two lay(‘rs of 
the fibrous capsule. They go to lymph-glands in the p(*lvis. The )ierces, which 
are derived from the hypogastric plexus, consist of botli nu'dullated and non- 
medullated fibres, and are intersp(*rsed with ganglion-c(‘ljs. Tliey end in the 
muscular tissue of the gland and of its blood-vessels ; somi‘ have been traced to 
the gland-epithelium. End-bulbs and Pacinian bodi(‘S liavi* also bcaui oliserved on 
the superficial nerves. 

Examined after death, the piostatie Hnid has a milky aspent, dm* to tlu? admixture of a 
large number of epithelial eelLs; probably, during life, it is more tran narent. It is not a 
mueous secretion, but according to Adams tho fluid has an acid rea* lion, and exhibits under 
the mieroscope numerous granules, epithelial cells and nuclei. Some of the granules are eom- 
posed of leeithin (Kiirbringer, Jena Sitzungsb., 1881). 

'the following articles on the male organs of generation may lu re* bc^ mi.ntioned : Aiehel, 
Arch. f. inikr. Anat. Ivi. 1000 (accessory suprarenal in epididymis) ; Aignei', Wiener vSitzungsb. 
fix. 1000 (epithelium of epididymis); Akutsu, Pfiiiger’s Arch. xevi. IlMjll (seminal vesicles) ; 
Balli, Anat. Anz. xxxvi. 1010 (epithelium of ejaculatory duet); Ibdlowitz, .Anat. Anz. i. 
1880, Arch. f. mikr, Anat. xxxii. 1888, and xxxvi. 1800, Zeitseb. f. wiss. Zool. 1. 1800 and lii. 1801, 
Plliiger’s Arch. xlvi. 1890, Anat. Anz. xx. 1002 (.structure of spermatozcni) ; K. \ on llardeleben , 
Verhandl. d. Anat. Gcsellseh. in Anat. Anz. vi. 1801 (.structure of spermatozoa), ihiJ. vii. 1802 
(spermatogenesis), ibid. xiii. 1807 (dimorphism in spermatozoa). Arch. f. Anat. Sup])l. 1807 
(structure of testis), Jena Zeitseh. xxxi. 1808 (spermatogenesis), Anat. Anz. xiii. 1807 (interstitial 
cells of testis) ; Beissner, Arch. f. mikr. Anat. li. 1898 (interstitial cells of testis) ; Benda, Anat. 
Anz. ii. 1887 (spermatogene.sis) ; Bcary Hart, .lourn. Anat. and Physiol, xiii. 1008 (mode of 
development of preputial fold) ; de Bonis, Arch. f. Phy.siol. 1000 (scen*tion-giaiuiles in prostate) ; 
H. Braus, Anat. Anz. xvii. 1900 (Cowper’s glands) ; Broman, Anat. Helte, xviii. 1002, Anat. 
Anz. xxi. 1902 (atypical spermatozoa) ; H. H. Brown, Quart, .lourn, Mier. Sci. ISS.") 
(spermatogenesis); v. Brunn, Arch. f. mikr. Anat. xxiii. 1884 (spermatozoa) ; Caminiti, Anat. 
Anz. xxix. (lymphatics of prostate) : Czerny, Arch. f. mikr. Anat. xxxiii. 1880 (organ of ( Jiraldes) ; 
Eberth, ‘ Die mannliehcn Geschlectsorgane ’ in v. Bardelchen’s Handbueh der Anatomic, 1004 
(contains references to literature to that date) ; v. Ehner, Areli. f, mikr. Anat. xxxi. 1887 
(spermatogenesis), and in Kcilliker’s Gewebelehrc, iii. 1002 (structure of male geuer. organs) ; 
Kelix, Anat. Hefte, xvii. 1001 (ejaculatory duets, ampullae and vesic. sem.); Frenant, Internat. 
Monatschr. f. Anat. iv. 1887 and vi. 1880 (spermatogenesis) ; Fri(“dmann, Arch. f. mikr. Anat. 
lii. 1808 (interstitial cells of testis) ; H. Fuchs, Anat. Hefte, xix. 1002 and xxii. 1003 (epidid^ iais) ; 
Giraldes, Bull. d. 1. soc. anat. 1857 (organ of Giraldcs) ; J. Grilhths, .lourn. Anat. and Physiol, 
xxiii. and xxiv. 1880 (prostate), ibid, xxvii. 1893 (changes in U‘stcs with age), ibid, xxviii. 1803 
(appendix testis) ; Gm*witseh, Arch. f. mikr. Anat. lix. 1002 (epithelium of t*[»ididymi.s) ; 
Hammar, Arch. f. Anat. suppl, 1897 (epithelium of epididymis) ; Harherei', Arcl). f. Anat. 
1808 (veins of testLs) ; A. Henry, Arch, d’ anat. mier. iii. BK)0 (epithelium of eiudidymis) ; 
F. Hermann, Arch. f. mikr. Anat. 1. 1897 (spermatogenesis); F. Herzog, Arch. f. mikr. Anat. 
Ixiii. 1004 (urethra); E. C. Hill, Amer. Journ. Anat. vi. 1007 and ix. 1000 ( IJoc^l-supply of 
testis in pig and man, also reticular tissue of gland) ; Ikeda, Anat. Anz. xxix. 100() (epithelium of 
epididymis) ; Jensen, Arch, de biol. iv. 1883 (spermatogene.sis), Anat. Anz. i. 188() and Arch. f. 
mikr. Anat. xxx. 1887 (structure of spermatozoa); Kasai, Vireh. Arch, exciv. 1008 (interstitial 
VOL. II. PART I. T T 
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colls of testis) ; E. Klein/ External Generative Organs ’ in Strieker’s Handbook, 1871 ; Langer, 
Wiener Sitzungsb. xlvi. (cavernous tissue) ; Loma, Fol. neiirol. iii. 1908 (ganglia in prostate) ; 
Lichtenberg, Anat. Hefte, xxxi. 1906 (urethra and Cowper’s glands) ; Lubarsch, Virch. Anat. 
cxlv. 1896 (crystals in cells of testis) ; Ludwig and Tomsa, Wiener Sitzungsb. xliv. 1861, xlvi. 
1863 (lymph- vessels of testis) ; Mansell-Moullin, Journ. Anat. and Physiol, xxix. 1895 (prostate) ; 
Mazzetti, Anat. Anz. xxxviii. 1911 (interstitial cells) ; F. Meves, Arch. f. mikr. Anat. 1. 1897, 
liv. 1899, Ivi. 1900 (s})ermatogenesis), Ergebn. d. Anat. xi. 1901 (spermatozoa) ; v. Mihalkowics, 
Sitzungsb. d. k. Sachs. Gescllsch. d. Wiss. xxv. 1873 (structure of testis) ; Minot, Arch. f. 
mikr. Anat. xxiv. 1885 (seminal vesicles) ; J. E. S. Moore, Anat. Anz. viii. 1893, Internal. 
Monatschr. f. Anat. u. Physiol, xi. 1894 (spermatogenesis) ; Most, Arch. f. Anat. 1899 (lymph- 
vessels of testis) ; V. Muller, Arch. f. mikr. Anat. xxxix. 1892 (Cowper’s glands) ; Myers-Ward, 
Journ. of Anat. and Physiol, xxxii. 1897 (epithelium of epididymis and vas deferens) ; 
Nicssing, Wiirzbiirg Verhandl. xxii. 1888, Arch. f. mikr. Anat. xlviii. 1897 (structure and develop- 
ment of spermatozoa) ; Pellacani, Arch. f. mikr. Anat. xxiii. 1884 (structure of spermatic cord) ; 
Piersol, Univ. Med. Mag. Philadelphia, i. 1888 (structure of spermatozoa) ; Plato, Arch. f. mikr. 
Anat. 1. 1897 (interstitial cells) ;Rcnson, Arch, debiol. 1882 (spermatogenesis); Rcinke, Arch. f. mikr. 
Anat. xlvii. 1896 (crystals in interstitial cells) ; Retzius, Biol. Enters. 1881, and x. 1902 (structure 
of spermatozoa), ibid. v. 1893 (nerves of testis) ; Robin and Cadiat, Journ. de I’Anat. x. 1874 
(urethra) ; E. Saalfeld, Arch. f. mikr. Anat. liii. 1899 (Tyson’s glands) ; Schaap, Onderz. gedan in het 
Physiol Lab. d. Utrechtscho Hooge-school, v, 2, 1899 (Cowper’s glands) ; Schaffer, Anat. Anz. vii. 
1892 (vas deferens), Internat. Monatsch. f. Anat. u. Phys. xiii. 1896 (epithelium of epididy- 
mis) ; Schlacter, Arch. f. mikr. Anat. Ixiv. 1904 (prostate); Schmaltz, Arch. f. mikr. Anat. Ixxi. 
1908 (epithelium of tubules in immature condition) ; Spangaro, Anat. Hefte, xviii. 1901 (changes in 
testis with age) ; Stieda, Arch. f. mikr. Anat. xlviii. 1897 (structure of testis) ; Toldt, Wiener 
Sitzungsb. Bel. c. Abt. iii. 1891 (appendices of testis and epididymis), Verhandl. d. Anat. Gesellsch. 
in Anat. Anz. 1892 (vasa aberrantia and i3aradidymis) ; v. la Valette St. George, Strieker’s 
Handbook, article ‘ Testis’ 1871, Arch. f. mikr. Anat. i. iii. x. xii. xv. xxv. xxvih. xxx. 1865 
to 1887 ; Waldeyer, Anat. Anz. ii. 1887 (structure and development of spermatozoa), Arch. f. 
mikr. Anat. xiii. 1877 (appendices of testis), Sitzungsb. d. k. Pr. Akad. 1899 (urethra) : 
G. Walker, Arch. f. Anat. 1899 (prostate) anel Amer. Journ. Anat. v. 1905 (blood-vessels of 
prostate); J. Watson, Journ. Anat. and Physiol xxxvi. 1902 (hydatids of Morgagni); 
Whitehead, Amer. Journ. Anat. iii. 1904 and iv. 1905 (dovcl of interstitial cells) ; J. Wiesel, 
Wiener klin. Wochenschr. 1898 (accessory suprarenals in neighbourhood of epididymis), also 
Anat. Hefte, xix. 1902. 


FEMALE GENERATIVE ORGANS. 

The generative organs in the female (fig. 931) consist of the ovaries, the oviducts 
or Fallopian tubes, the uterus, the vagina with tlie glands of Bartholin, and the 
external organs of generation, including the labia majora and minora and the clitoris. 
In addition there are certain rudimentary structures near the ovary, known 
respectively as the parovarium, or epoophoron and the paroophoron. 

Along witli the external organs of generation the structure of the urethra may 
be described, although it does not, as in the male sex, furnish a path for the 
sexual secretions. 


THE OVARIES. 

The ovaries are two small, somewhat flattened, solid-looking ovoid bodies 
lying one on each side of the pelvis, and projecting into the peritoneal cavity at 
the posterior part of the broad ligament, which is itself formed of a fold of peritoneum. 
During active sexual life a number of clear vesicles are seen near the surface of 
the ovary, sometimes projecting slightly beyond the surface (fig. 932). These are 
the ripe or ripening Graafian follicles, each of which contains an ovum surrounded 
by epithelium, the follicle itself being lined by similar epithelium. On cutting into 
the ovary (figs. 933, 934) other smaller immature follicles may be seen within its 
substance, many being microscopic. Frequently one or more solid-looking yellowish 
masses of varying size are seen in the ovary : these are the corpora lutea 
(figs. 933, 2 ; 934, 10 ; 935) ; they have been developed from Graafian follicles from 
which the ovum has been discharged. If such an ovum becomes impregnated and 
undergoes development the corpus luteum becomes greatly hypertrophied and may 
tlu'ix occupy a considerable part of the ovary: in some animals there may be 
several such enlarged corpora lutea within each ovary. Ultimately the corpora lutea 
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undergo atrophy, and each is replaced by a shrunken whitish body to which the 
name corpus albicans has been applied (fig. 933, S). 

In the unimpregnated female the corpus luteum begins to retrograde within 
ten or twelve days after rupture of the follicle, and, becoming shrunken to form a 
corpus albicans, ultimately disappears. 

Whilst the testicles resemble secreting glands in general structure, although 



Fia. 931.— DiAGHAM of TIIK ovary and UTKilUS and their appendages, as seen -from 
BEHIND. (Allen Thomson. ) Two-thirds natural size. 

The uterus and upper part of the vajjjina have been laid open by removing the j)osterior 
wall ; on the left side tlio Fallo[)ian tube, round ligament, and ovarian ligament have been cut 
short, and the broad ligament removed; n, the fundus of the ut<nus; e, the cervix opposite the 
08 internum ; tlu( triangular shape of the uterine cavity is shown, and the dilatation of the 
cervical cavity with the rugie termed arbor vibe ; e, upper part of tlie vagina ; Of/, Fallopian 
tube or oviduct; /, round ligament ; /o, ligament of the ovary ; o, ovary (here represented with 
its long axis horizontal, although in the natural position within the body it is oblique or 
nearly vertical) ; i, wide outer part of the right Fallopian tube ; / /, its fimbriated extremity ; 
^ 0 , i)arovarium ; /i, one of the hydatids frequently found connected with the broad ligament. 


not in the character of their products, the ovaries boar little or no resemblance to 
those organs. Each ovary is formed of a solid ma.ss of fibrous-looking tissue {siroina), 
which contains between its fibres very many elongated cells, like those of embryonic 
fibrous tissue. The stroma is rather more condensed near the surface (tunicd 



Fig. 932. -Human ovary. ( W. Nagel.) 

1, Line of separation between peritoneum an<l tunica 
albuginea of ovary ; 2, mesovarium ; 3, Fallopian tube 
with ovarian fimbria. 


Fig. 933. — Section of a human ovary. 
(W. Nagel.) 

1, 1, (iraafian follicles; 2, corpus luteum ; 
3, corpus albicans. 


albuginea). The ovary projects into the peritoneal cavity but is not actually 
covered by serous membrane ; the })eriton(‘um ceasing abruptly at the attachment 
of the ovary to the broad ligament (fig. 932, 1 , and fig. 938, z). Along the line of attach - 
ment (hilum) blood-vessels and nerves enter and leave the ovary, and accompanying 
these is a strand of fibrous tissue which contains plain muscle amongst its fibres. 
There are also sometimes to be seen in this situation a number of interstitial cells 
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recalling the interstitial cells of the testis. Similar cells may occur scattered in 


groups about the stroma ; they are numerous in some animals. 



Fkl 9;34.-— Section oe the ovary of the cat. (Scliroii.) 
Magnified (5 diameters. 


Covering the whole free sur- 
face of the ovary, which is smooth 
in the young subject but may be 
uneven or pitted in later life, is 
a layer of short clear columnar 
or pyriform epithelium-cells (<jeT- 
ininal epithelium) (fig. 936). 
There are small cells ; but rather 
larger spheroidal cells (primitive 
ova) occasionally occur be- 
tween them. Here and there, 
especially in children and young 
animals, this epithelium is 
thickened, and dips for a short 
distance into the fibrous sub- 


1, outer covering and free border of tlic ovary; 1', 
attaelied bordfu- ; 2, the central ovarian stroma, presenting 
a fibrous and vascular structure ; .S, peripheral stroma ; 4, 
blood-vessels; 5, (iraafian follicles in their earliest stages 
lying near the surface ; C, 7, S, more advanced follielos 
which are imbedded more deeply in the stroma ; 1), an 
almost mature follicle containing tlie ovum in its deepest 
part; 9', a follicle from which the ovum has accidentally 
escaped ; 10, corpus luteurn. 


stance or stroma of the ovary 
(fig. 937). In fcBtal animals 
these ingrowths of germinal epi- 
thelium take the form of long 
solid strands of germinal cells, 
which were first described by 


Pfluger under the name egg- 
tubes ; near the surface of the ovary the strands may be hollow and duct-like, 


recalling somewhat the appearance of gland-tubules. But as development pro- 



Fi(i. 93,7. — A PORTION OF the section of cat’s ovaky represented in the preceding 

FKUIRE ; MORE HIGHLY MAGNIFIED. (SchroU.) 

1, opitliolium and outer covering of the ovary; 2, fibrous stroma; 3, 8’, less fibrous, more 
superficial stroma; 4, blood-vessels; .5, small Graafian follicles near the surface; 0, one or two 
more deeply jdaced; 7, one farther developed, enclosed by a prolongation of the fibrous 
stroma ; 8, a follicle farther advanced ; 8', another of an elliptical shape ; 9, part of a ripe 
follicle; u, tunica granulosa; h, discus proligerus ; c, ovum ; d, germinal vesicle; c, germinal 
spot. 


coeds the cgg-lubes become divided up by ingrowths of stroma into islets of 
germinal cells ; it is from these that the Graafian follicles, next to be described, 
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are formed. Remains of the egg-tubes are sometimes seen in the ovaries of 
adult animals (fig. 938, h). Imbedded in all parts of the stroma except near the 
hilum are a large number of spherical or ovoid vesicles, each containing an 
ovum together with a number of other cells. These vesicles are the Graafian 
follicles : they are found of all sizes from a diameter little larger than the 
contained ovum and entirely microscopic (fig. 939), to a rounded sac as large as 
a pea, often forming a pellucid projection at tlie surface of the ovary. The smallest 
Graafian follicles contain only a small immature ovum and a single layer of epithelium- 
cells surrounding it ; the largest contain an ovum of mature size (about 02 mm.) 





- Germinal epitlieliuin. 
Tunica albuginea, 
Small Graiifian follicle. 
. Ovum. 


OW <1,0 (f O o p <5 ij ^ 

o 0 U- 


Membrana granulosa 
of a largo follicle. 


Fig. 936. — Section of fakt of the ovauy of a young gihl. 

Magnified 190 diameters. 


(v. Blihm and Davidoff.) 


surrounded by a considerable mass of follicular epithelium-cells {discus prohgerus or 
cumulus), by which it is attached to the wall of the follicle, while layers of the 
same cells line the follicular wall {theca) and form the so-called membrana granulosa. 
These larger follicles (fig. 940) are distended by fluid {liquor folliculi), and as this fluid 
accumulates they come to occupy a considerable cavity in the stroma, eventually, as 
we have seen, even projecting from its surface. It is at the projecting part that 
the follicle ultimately bursts, liberating the ovum surrounded by its discus proligerus ; 
but the epithelium which lines the follicle remains in situ and undergoes prolifera- 
tion, becoming developed into the epithelial tissue of a corpus luteum. 
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The smallest C4raafian follicles are usually found near the surface of the ovary 
in the so-called cortical layer. They form in some animals an almost continuous series 
immediately within the subepithelial layer of the ovarian stroma (fig. 935) ; but in the 
human ovary they are relatively few in number, and are separated from one another 
by considerable intervals of stroma. In the new-born child they are much more 
numerous, but many atrophy as growth progresses. ^ As the Graafian follicles enlarge 
they sink into the stroma ; the largest are found in the deeper parts. It is only 
their distension by the liquor folliculi which again brings one part of the enlarging 
follicle to the surface. Every Graafian follicle does not develop to the point of 
discharging its contents — many undergo atrophy after developing to a certain size, 
and their contents, including the ovum, become shrunken (fig. 938, k) and eventually 
absorbed. The theca of the larger follicles is double, having a specially difl’erentiated 
part of the stroma as its outer layer and a stratum containing large granular cells as 
its inner layer ; both layers contain blood-vessels, the inner being provided with 



Fio. 087. — Section oe the ovaky of a newly-hoiin child. (Waldeyor.) magnified. 

a, Ovarian or germinal epithelium; />, formation of an ovarian tube; c, c, primordial ova 
lying in the germ epithelium ; d, r?, longer tube becoming constricted to form neats of cells ; 
c, <?, larger nests ; /, distinct follicle with ovum and epithelium ; <7, r/, blood-vessels. 


a capillary network, the outer having the ramifications of the arterioles and venules. 
The blood-vessels enter the wall at its deepest part, and converge towards a point 
near the middle of its most projecting portion [siigim), where the rupture of the 
mature follicle occurs. 

The ova within the smaller follicles are of small size, but contain a larger 
spherical clear nucleus and large nucleolus ; they have no very distinct membrane. 
As the Graafian follicles enlarge the ovum enlarges within it, and the follicular 
epithelium-cells arrange themselves like a columnar epithelium around the ovum. 
The membrane of the ovum now begins to appear, and as the enlargement of the 
follicle proceeds it attains a considerable thickness. It is probably formed by 
the columnar cells of the discus proligerus — but it does not wholly shut them off 
from the ovum, for they retain a connection with its cytoplasm by fine processes 
which pass through pores in the membrane (G. Retzius). These pores give the 

^ It is stated that there are as many as 100,000 ova in the ovaries at birth and about 20,000 at 
puberty. Of these not more than 400 attain maturity (see F. H. A. Marshall, The Physiology 
of Reproduction, 1910). 
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Fig. 988. -Section of the ovauy of an Aj)ur/r hitch. (Walcleyer.) Magnified 15 diameters. 

f/, germ-epithelium ; 6, egg-tuhes ; r, e, small follicles; more advanced follicle ; discus 
proligerus and ovum ; second ovum in the same follicle (this occurs but rarely) ; outer tunii! 
of the follicle; //, inner tunic; membrana granulosa; k, collapsed retrograded follicle; 

/, blood-vessels ; v//, longitudinal and transverse sections of tubes of the parovarium ; v/, in- 
voluted jiortion of the germ-epithelium of the surface ; Zy place of the transition from peritoneal 
to germinal or ovarian epithelium. 



Fig. 989. — Section of part of human ovary showing small graafian follicles 
IMBEDDED IN THE FIBRO-CELLULAR STROMA. (Sellheim.) 
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membrane an appearance of radial striation. It is known as the zona radiata or zona 
pdlucida (v. Baer), the latter term being derived from its appearance in the fresh 
condition (fig. 941). It is possessed of considerable toughness and requires a 
considerable amount of pressure to rupture it. 



FjC. 010. — A AIODKIIATKLY LAHOK (IRAAFIAN FOLLICLK FROM TllK HUMAN OVAKV, SlIOWINU. 
(i\lM Sl'RROUNDEJ) ItV ‘DISCUS PHOI.KIKHUS ’ AND WALL DF FOl.LiULK LINED DV ‘ MEM- 
UllANA (illANULOSA.’ BETWEEN THEM IS AN ACCUMULATION OF LIQUOR FOLLICULI. 

(Selllieiin.) 


Fl<i. '.Ml. — ()\ARIAN OVUM OF A MAMMAL. 
lAllcii Thomson.) 

o, ail entiro ovum, viewed under pressure; 
till' ^ramilar tells have be^en removed from the 
outer surface, t lie germinal vesicle is seen within 
the yolk-substance; h, the external coat or 
zoiia l)iirst by increased pressure, the yolk-proto- 
plasm and the germinal vesicle having escaped; c, 
germinal vesicle more freed from the yolk-sub- 
stance. In all tin' three figures macula is shown. 



Fio. 942. — Ovum of a mammal, nianLv 

MAGNIFIED. SEMI-DIAORAMMATIC. 
(Schafer.) 

.srp, zona pellucida, showing radiated struc- 
ture ; V?-, vitellus, round which a delicate 
membrane is seen ; gv^ germinal vesicle ; 
gSy germinal spot. 


Within the zona, the ovum consists of cytoplasm {vitellus or yolk) containing 
numerous yolk-granules (fig. 942), which are especially abundant in the central parts ; 
the superficial layer may be clear of them. Amongst them lies the nucleus {germinal 
vesicle of Purkinje), which measures about 0’05 mm. in diameter ; it has a prominent 




Pig. 944. -Ovauy of 28-1)av rabbit, showincj 
Fig. 9414. ''Oyauian oyum of mousk, siirroundki) stroma intehorowixg with thickened gku- 
BV CELLS OF DISCUS I>KOLIGEUUS. (Sobotta.) MINAL EPITHELIUM. (Felix lllld Biilllor.) 

/oiia. Tlio nucleus is in process of division a, germinal epithelium; a thickened down- 
by heterotypical mitosis (first polar spindle). growtli of tliis epithelium ; r, stroma. 

Immediately surrounding the zona radiata, as the ovum lies within the mature (Iraalian 
follicle, is a thin stratum of granular substance, probably deposited upon the exterior of the 
ovum by the innermost cells of the discu.s proligerus, which immediately encircle the ovum 



Fig. 945. -Ovary op human fu:tus, showing the thickened germinal epithelium, 

TOGETHER WITH ELONGATED GROUPS OP GERMINAL EPITHELIUM-CELLS AND PRIMITIVE OVA 
within THE STROMA. (Felix and Biihler.) 

within the follicle (fig. 943) and often cling to it for a time after its discharge. When the 
Graafian follicle bursts and the ovum is set free, this granular material appears to imbibe 
water, and, as is specially noticeable in the ovum of the rabbit, swells up into a clear 
gelatinous envelope, which has been termed, from a possible homology with the white of 
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the bird’s egg, the albumen. But in the mammal this structure has not the nutritive import- 
ance to the embryo which is possessed by the corresponding formation in the bird, and it 
disappears during the passage of the ovum down the Fallopian tube. 

Formation of the Graafian follicles. — The ovary is formed, as already 
stated (see also Vol. I.), by a proliferation and ingrowth of the germinal epithelium, 
whilst at the same time the vascular stroma grows out between the epithelial 
strands (fig. 944) so as to isolate these in the form of the egg-tubes of Pfliiger 
already mentioned. These egg-tubes consist of cylindrical or irregular columns 
of germinal epithelium-cells (fig. 945) which communicate with one another, and 
at first also with the surface, but ultimately become broken up by growths of 
stroma tissue into smaller and smaller portions, which now appear in the form 
of islands or nests of epithelium in the substance of the stroma.^ Both 
the egg-tubes and the islands produced from them contain amongst the 
ordinary small germinal epithelium-cells a much smaller number of larger 
spherical cells each with a large nucleus and distinct nucleolus : these are the 



Fi(j. 946. — TjAteu stage in the fokmation of Graafian follicles. (Felix and Biihler.) 

Some of the primitive ova are considerably enlarged and surrounded by other germinal 
epithelium-cells, forming primitive Graafian follicles. 


primitive ova (fig. 946). Ultimately the subdivision of the islets and cell-columns 
proceeds to such an extent that each is reduced to one or two, occasionally more, 
primitive ova surrounded by a simple layer of germinal epithelium, the cells of 
which are cubical (fig. 947) or flattened (fig. 948) in shape. These small islets 
form the primitive Graafian follicles, which are accumulated in great numbers in the 
more superficial parts of the ovary of the child and young animals, and are in some 
animals found in this situation throughout the greater part of life (figs. 934 and 
935, from the cat). Ultimately only a single primitive ovum remains as a rule in 
each primitive follicle, having developed, it is believed, at the expense of the rest. 

As the development of the ovary proceeds some of these primitive follicles 
become enlarged. The enlargement is accompanied and indeed caused by increase 
in size of the primitive ovum and growth and proliferation of the germinal 

^ According to MIrs Lane-Claypon some of the germinal epithelium-cells also become diffused 
throughout the stroma, and give origin to the epithelium-like interstitial cells. This author believes 
that these cells, as well as those within the cell-nests, are capable of producing ova. Most authorities 
have looked upon the interstitial cells of the ovary as of connective tissue origin. 
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epithelium-cells which surround it. Along with the enlargement of the primitive 
ovum its nuclear chromatin undergoes a succession of remarkable changes (Wini- 
warter, Lane- Clay pon), already alluded to (p. 54) as the synaptic changes, and 
common both to these cells of the ovary and to the spermatocytes of the testis. 
At the termination of these changes, the meaning of which is not fully understood, 
the chromatin resumes the reticular form of the ordinary resting nucleus, 
although its amount is small relatively to the size of the nucleus (fig. 948). On the 
other hand the nucleolus, which may disappear in the synaptic stage, is now very 
large and distinct, and is not uncommonly formed of a number of masses of nucleolar 
substance of varying size. The ovum, although still small, has the general 
structure of the mature egg-cell before it undergoes the mitotic changes which 
result in the formation of the polar globules (see p. 51) ; it may now be regarded 
as a fully formed ovarian ovum. It is surrounded by only a single layer of follicular 
epithelial cells, but these are beginning to become columnar. They presently 
undergo proliferation and give rise to a second layer, so that there is now a double 
stratum of epithelium-cells within the follicle (fig. 949, D, E), one immediately 
surrounding the ovum and the 
other lining the wall of the 
follicle, which by this time is 
beginning to be differentiated 
from the general ovarian stroma. 

The two strata form the begin- 
nings respectively of the discus 
proligerus and the rnembrana 


Fio. 048. — PlUMI'i iVE (Ikaafian follicle of rabbit 

SUBSEQUENT TO THE SYNAPTIC CHANCES OF THE 
OVUM NUCLEUS. (Wiiliwartcr.) Magnified 1700 
diameters. 

The ovum, which contains a nucleus with re- 
ticular chromatin and the cytoplasm of which is 
filled with granules, is surrounded by a single layer 
of flattened follicular epithelium. 

granulosa ; but they are at first everywhere in contact with one another. By this 
time also a distinct membrane — the commencing zona radiata — has begun to 
appear around the ovum, and a basement-membrane (hyaline layer) may be seen 
lining the theca interna. 

Both discus proligerus and rnembrana granulosa become thickened by further 
proliferation, and the ovum and Graafian follicle grow pan passu with such prolifera- 
tion. Presently fluid begins to make its appearance at one place between the two 
strata, and gradually increases in amount. This is the liquor folliculi, which, without 
doubt, is secreted by the cells of the rnembrana granulosa, and upon the accumulation 
of which chiefly depend the subsequent growth of the follicle, and in all probability 
its eventual distension and bursting. 

Occasionally two and very rarely three ova are developed in one Graafian 
follicle in the human subject. 
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In the largest follicles both discus proligerus and membrana granulosa are 
many layers thick, and are composed mainly of spherical or polyhedral cells 
somewhat loosely connected together near the liquor folliculi, within which many 
of them undergo disintegration ; they are more closely packed nearer the ovum 
and tlie wall of the follicle respectively. The cells which cover the ovum and those 


A 



Fro. y49.- Fioukes siiowino various stages in the development of the Graafian 
FOLLICLES IN THE RABRIT. (Schiifer.) Highly magnified. 

A, From a section of the ovary of a young rabbit, showing the ‘ egg-tubes ’ of Pfliiger 
continuous with the germinal epithelium of the surface. Some of the egg-tubes contain 
primitive ova. B, primitive Graafian follicles derived from the breaking up of an egg-tube. 

C, a Graafian follicle within which the permanent ovum has now become distinct. The 
follicle has only a single layer of epithelium. D, a larger follicle in which there are two 
distinct layers of epithelium, but the inner layer is formed of flattened cells. E, a larger but 
still quite young follicle in which the inner layer of cells as well as the outer is composed of 
(columnar epithelium. Figs. B, C, D, and E are taken from sections of ovaries more advanced 
in development than A. 

which actually line the follicular wall are columnar in shape, and, as already noticed, 
those which immediately surround the ovum send fine prolongations of their 
protoplasm through the pores of the zona radiata. 

Those Graafian follicles that attain maturity and burst become developed into corpora 
lutca, a description of the formation of which will immediately be given. But a very large 
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number of follicles, after attaining a certain amount of growth and development, undergo 
degeneration (atresia), the ovum becoming shrivelled and eventually disappearing, the follicular 
epithelium degenerating — a process which is shared by the theca interna — and the cavity 
remaining for some time as an irregular cyst, which shrivels and eventually disappears, being 
perhaps absorbed. 

After the eessation of sexual activity the Graafian follicles cease to enlarge and as age advances 
an increasing number become atrophied. Changes also occur in the interstitial tissue of the 
ovary leading to sclerosis of its stroma and a general shrinking in size. Some of these changes 
arc illustrated in fig. 952. 



Fig. 950 . — Three stages in the formation of the corpus luteum in the mouse. 

(Sobotta.) 

A, commeiK'ing ingrowth of the vascular tissue of the theca folliculi into the hypf3rtrophic(l 
follicular epithelium; g, vascular ingrowth; thi, theca or wall of follicle; /e, follicular 
epithelium. 

B, a further stage in which the vascular ingrowths of the theca converge towards a central 
cavity. Between the ingrowths or trabecuhe the follicular epithelial cells, which are under- 
going rapid multiplication, appear as if disx^osed in columns ; /, leucocytes amongst the folli- 
cular cells ; A*e, surface epithelium of the ovary. 

C, a further stage, the columns being now narrower and the trabecula) more numerous. 

Bevelopment and structure of the corpus luteum. — The corpora hiteu 
are produced after the rupture of the Graafian follicles and the escape of their 
contents by what may perhaps be most correctly described as a process of 
hypertrophy of the walls of the empty follicles. The hypertrophied follicular 
wall becomes thrown into plaits or folds, which as they increase in extent occupy 
more and more of the cavity of the empty follicle, until this has become entirely 
filled. The hypertrophy has usually been described as the result of the proliferation 
of the polyhedral interstitial stroma-cells, which, as already stated, occur in 
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abundance in the wall of the follicle ; and there is in addition a considerable 
development of blood-vessels, which run, accompanied by fibrous tissue, into the folds 
into which the wall of the follicle is thrown, and give off capillaries that ramify 
abundantly in the folded wall. But according to the observations of J. Sobotta 
upon various animals, confirmed by Stratz, Van der Stricht, F. H. A. Marshall and 
other investigators, the main part of the thickening is due to a simple hypertrophy 
of the epithelium-cells of the membrana granulosa, into which grow vascular pro- 
cesses of the wall of the follicle (chiefly from the theca interna) (fig. 950) ; amongst 
them a certain number of leucocytes penetrate. Meanwhile the irregular cleft- 
like space wliich now alone represents the cavity of the follicle, as well as the 
opening resulting from the rupture of the follicle and by which its cavity communi- 
cated with the surface, become occupied by a sort of jelly-like connective tissue, 
constituting a kind of hilum for the follicle. To this central fibrous band converge 
the strands of fibrous tissue which accompany the blood-vessels in the folds of the 



Fig. 1)51. — Mokk advanced cokpuh lutedm of the mouse, showing its formation 
COMPEETED. (Sobotta.) 

The central cavity is now occupied l)y jelly-like connective tisHUe and the converging 
trabecuhe anastomose with one another so as somewhat to break up the columnar arrangement 
of tlie Inteal cells. 

hypertrophied wall of the corpus luteum. At the same time the plaited disposi- 
tion of the wall becomes in great measure obscured, so that a section of a corpus 
luteum, when advanced in development (fig. 951), exhibits a fibrous framework 
having a radial disposition, with the intervals between the radiating trabecultc 
occupied by a tissue almost wholly composed of large yellowish cells. Amongst 
these cells are numerous cleft-like spaces (lymphatic), and except for the fact that 
the columnar disposition is less distinct and that the capillary blood-vessels 
come more closely into relationship with the cells of the tissue, the structural 
appearances are not unlike those which are met with in the cortical part of the 
suprarenal capsule. 

The view that the corpu-s luteum mainly owes its origin to the membrana granulosa of the 
Graafian follicle was that originally taken by BischofT. On the other hand, von Baer considered 
that it was wholly duo to a hypertrophy of the connective -tissue wall of the follicle ; many 
modern authorities have taken this view.‘ 

^ For a full account of the subject see Marshall, op. cit. 1010. 
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The corpus luteum is at first sharply marked ofi by the theca folliculi from 
the surrounding ovarian stroma, but after a time it is less sharply marked ofi’ 
from the neighbouring parts of the stroma, into which it may be said gradually 
to merge and in this way to disappear. The result is that, as age advances, the 
stroma of the ovaries, at least in some animals, becomes gradually pervaded with 
cells which have been derived from corpora lutea. 

The corpus luteum is an organ of internal secretion. It appears to be related to the proper 
fixation of the ovum in the uterus, for if the corpus luteum be destroyed or the ovary removed 
at an early period of pregnancy, abortion occurs. At later stages it is related to the functions 
of the mammary gland, extracts of corpus luteum having a markedly galactagogue action. 



Fio. 952. — Skction of ovary of woman of fifty-six, showing dkgeneration of follicles 
AND SCLEROSIS OF STBoMA, (Scllheiin.) 

Vessels and nerves of the ovaries. — Arteries, The ovary is supplied 
directly by the ovarian artery, analogous to the spermatic in the male, which anasto- 
moses freely by an internal branch with the termination of the uterine artery. Some- 
times this anastomotic branch is so large that the ovary seems to be supplied almost 
entirely by the uterine artery. The ovarian artery always sends numerous branches 
to the Fallopian tube. The smaller arteries penetrate the ovary along its attached 
border, pierce the proper coat, and run in flexuous parallel lines through its substance. 
The internal part of the stroma through which the larger vessels run is known as 
the zona vasculosa. Both arteries and veins are extraordinarily numerous and 
convoluted, and the whole organ is exceptionally vascular. The veins correspond 
in general with the arteries ; they form a plexus near the ovary named the 
fampiniforrn plexus. The general arrangement of the vessels within the organ 
and the manner in which the Graafian follicles and corpora lutea are supplied 
with blood is indicated in the accompanying illustration (fig. 953) from 
J. G. Clark (Johns Hopkins Hosp. Kep. ix. 1900). For details regarding the 
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vascular arrangements and the changes which they undergo in the course of 
development and growth of the ovary the reader is referred to this paper. 
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iuu. bECTlON OF INJECTED OVARY FROM A (JIllI. OF SIXTEEN. (J. G. Clark.) 

Magnified about 8 diameters. 

yl, ovarian artery ; a, a', its deeply lying parallel braiiehes, wliieh are seen giving off arterioles 
towards the superficial parts ; f ovarian veins ; 6, a corpus luteum ; c, c, Graafian follicles ; 
r/, ({, unruptured follicles which are in process of atresia ; c, a more complete phase of atresia 
(corpus albicans). 
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The lymph-vessels form networks around the larger Graafian follicles which 
communicate with cleft-like lymphatics accompanying the blood-vessels in 
their course through the stroma. They leave the ovary at the hilum by several 
efferent vessels which join those issuing from the body of the uterus. Exner and 
Buckel could find no lymph-vessels in the corpora lutea, although His had described 
their existence within these structures. The nerves are derived from the ovarian 
plexus, and from the uterine nerves, and send offsets to the Fallopian tubes. They 
course along the ovary as three trunks, one of which goes mainly to the tube ; the 
others communicate freely with one another and are furnished with microscopic 
ganglia and with groups of specialised cells (phceoclirorne cells of Winiwarter). The 
fibres are chiefly non-medullated and are distributed to the muscular tissue of the 
blood-vessels of the ovary, of the broad ligament, and of the Fallopian tube : some 
pass to the cortical zone, and ramify around the Graafian follicles. Fibrils have 
even been traced amongst the epithelium-cells of the membra na granulosa. Some 
fibres ar(» said to end in Pacinian corpuscles (Winiwarter). 

The following papers on the ovary may be mentioned : B. M. Allen, Amcr. Journ. Anat. ii. 
1904 (interstitial cells) ; Ancel and Bonin, Compt. rend. d. 1. soe. de Biol. Ixvi. 1909 ; Journ. de 
Physiol. 1911 (functions of corpus luteum) ; M. Athias, Anat. Anz. xxxix. 1911 (origin and structure 
of interstitial cells) ; P. M. Balfour, Quart. Journ. Micr. 8ei. xviii. 1878 (oogenesis) ; Buckel 
and Kxner, Wiener 8itzungsb. Ixx. 1874 (lymph-ve.ssels) ; J. G. Clark, Arch. f. Anat. 1898 (corpus 
luteum) ; Johns Hopkins Hosp. Rep. ix. 1900 (vessels of ovary) ; Cohn, Arch. f. mikr. Anat. 
Ixii. 1903 (corpus luteum and interstitial cells); Felix and Biihler, in Hertwig^s Handbuch d. 
Entwickelungslehrc; O. Fellner, Arch. f. mikr. Anat. Ixxiii. 1909 (changes in Graalian follicles 
during pregnancy) ; Fraeiikel, Arch. f. Gyniik. Ixviii. 1903 (eor])us luteum), Ixxv. 1905 (interstitial 
cells); Fraenkel and Cohn, Anat. Anz. xx. 1901 (corpus luteum and ])regnancy) ; Heape, Quait. 
Journ. Micr. Sci. xxvi. 1880, and Proc. Roy. Soc. B. Ixxvi. 1905 (changes in Graalian follicles) ; 
Honogre, Arch, de l)iol. xvi. 1900 (Graafian follicles) ; Jankowski, Arch. f. mikr. Anat. Ixiv. 1904 
(corpus luteum); Joseph, Arb. d. Zool. Instit. Wi(‘n, xviii. 1909 (Graafian follicles) ; Kolliker, 
Verhaiidl. tl. anat. Gesellseh. in Anat. Anz. xiv. 1898 (atresie follicles); Lane-Glaypon, Proc. Roy. 
Soc. B. Ixxvii. 1905, and Journ. Obst. and Gyn. xi. 1907 (interstitial cells); L. l^oeb, Anat. Anz. 
xxviii. 1900 (corpus luteum) ; A. I... Mcllroy, Proc. Roy. Soc. Edin. xxxi. 1910 (development of 
ova and h)llieles) ; K. Mackenzie, Quart. Journ. Exper. Physiol, iv. 1911 (relation of corpus luteum 
to mammary secretion); F. H. A. Marshall, Phil. Trans. B. exevi. 1904 (corpus luteum) ; J. W. 
Miller, Arch. f. Gyn. xci. 1911 (involution of corpus luteum); Minot, ‘ Human Embryology,* 1892; 
VV^ Nagel, ‘Die woibliche Geschlechtsorgane,* in v. Bardelolxui’s Handb. d. Anatomic, 1896 ; Ott 
and Scott, Proc. Soc. Exp. Biol. Dec. 1910 (relation of corpus luteum to mammary secretion) ; 
Pfliiger, ‘ Ueber die Eierstocke, <S:c.,’ Leipzig, 1863; A. Robinson, Journ. Anat. and Physiol, xxi. 
1887 (position and peritoneal relations of ovary); G. Retzius, Hygiea Festband, 1889 (Graafian 
follicles) and Biol. IJnters. v. 1893 (n('rvcs) ; Ri(piier, Arch. f. mikr. Anat. Ixxv. 1910 (colls of corpus 
luteum); A. Russo, Anat. Anz. xxxiii. 1908 (formation of zona ptJlucida and of liquor folliculi) ; 
Schafer, Proc. Roy. Soc. xxx. 1880 (development of Graahan follicles); Schafer and Mackenzie 
Proc. Roy. Soc. B. Ixxxiv. 1911 (relation of corpus luteum to mammary seert^tion) ; Seitz, Arch. f. 
Gyniik. Ixxvii. 1906 (atresie follicles) ; Sobotta, Anat. Anz. x. 1895, Arch. f. mikr. Anat. xlvii. 
1896, Anat. llefte,viii. 1897, Ergebn. der Anat. u. Entwickl. viii. 1898, Anat. Hefte, xxxii. 1907 
(formation of corpus luteum), VViirzburg Sitzungsb. 1906 (atroY)hy of follicles) ; T. G. Stevens, 
Journ. Obst. and Gyn. Jan. 1904 (atrophy of follicles) ; Stratz, ‘ Der geschleclitsreife Saugethiereier- 
stoek,’ 1898 ; Van der Stricht, Compt. rend, de I’assoc. d. anat. 1908 (corpus luteum) ; Van der 
Strieht, Verhandl.d. Anat. Gesellseh. in Anat. Anz. 1901 (atresie follicles) ; Timofeew, Anat. Anz. 
ix. 1894 ; Van Winiwarter, Arch, do biol. xvii. 1901 (oogenesis), Anat. Anz. xxxiii. 1908 
(interstitial tissue of human ovary). Arch, de biol. xxv. 1910 (nerves and muscular tissue of 
ovary) ; Van Winiwarter and Sainmont, Arch, de biol. xxiv. 1909, Anat. Anz. xxxii. 1908 
(oogenesis) ; Waldeyer, ‘ Eierstock und Ei,’ 1870, ‘ Die Geschlectszellen ’ in Hertwig’s ‘ Handb. 
der Entwicklungslchre,’ 1903. 

Parovarium or Bpoophoron. — The organ so named by Kobelt, or the oryan 
of Rosenmuller, who first described it (1802), is a structure which can usually be 
brought plainly into view by holding against the liglit the fold of peritoneum between 
the ovary and Fallopian tube (see fig. 931, 2 )o). It consists of a group of 
scattered tubules lying between the Fallopian tube and ovary, lined with 
columnar and in places with ciliated epithelium, but having no external 
openings. Their walls are formed of connective tissue with some plain muscle- 
fibres. The tubules converge towards their ovarian end, but remain separate 
there, while at the other they are more or less distinctly united by a longitudinal 
VOL. II. PART I. u u 
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tube, sometimes of considerable size, and prolonged for some distance downwards 
in the broad ligament. According to Ballantyne the tubules are thicker and 
better developed in women who have borne children than in others. The structure 
undergoes partial atrophy after the menopause. Its more developed form in some 
animals, as the cow and pig, constitutes the duct of Gartner. ^ The origin of this 
vestige of a foetal structure is referred to under Development (Vol. L). Here 
it is sufficient to state that it corresponds essentially to the epididymis of 
the male. Vestiges corresponding to the organ of Giraldes of the male are also 
sometimes to be detected in the adult female, in the shape of tubular remnants, 
situated in tlie broad ligament nearer to the uterus than the parovarium. 
These constitute the paroo'pJioron of Waldeyer. 

Cyst-like rudiments are also frequently found between the epoophoron and the 
opening of the Fallopian tube : they are sometimes attached to the broad ligament 
by a stalk (fig. 954, ?’). They have been compared to the hydatids of Morgagni 



Fio. 1)54, — Adult ovauv, uajcovauium and Fallopian tube. (Kobelt.) 

r/, rt, Epoophoron (piirovariuin) formed from tlie upper part of the Wolffian body; 
bj remains of the uppermost tubes, sometimes forminfj; hydatids ; c, middle aet of tubes ; rZ, some 
lower atrophied tubes; e, atropliied remains of the Wolffian duet ; the teirminal bulb or 
hydatid; //, the Fallopian tube, originally the duct of Miiller; i, hydatid attached to the 
extremity ; Z, the ovary. 

of the male, but are probably not developed from the Mulhuian duct (which 
forms the Fallopian tube) but from portions either of the tubules or of the 
main tube of the epoophoron. 

See on the epoophoron and paroophoron Ballantyne and Williams, ‘ The structures in the 
Mesosalpinx,’ 1893; Waldeyer, ‘ Eicrstock u. Ei,’ J..eipzig, 1870 ; ‘ Eicrstock u. Nebeneierstock,’ 
in Strieker’s Handbook, 1871 ; Janosik, Wiener Sitziing.sb. xci. 1885. 

THE FALLOPIAN TUBES 

The ovary being regarded as a gland for the production of ova the Fallopian 
tube represents its duct. It is, however, very different from other gland-ducts, 
since it does not immediately start from the ovary but opens into the peritoneal 
cavity near that organ by a minute orifice seen in the middle of its fimbriated 
or fringed ovarian extremity. The fimbrise come into close relation with the 
surface of the ovary, to the upper end of which one of them is attached ; when 
the ovum is discharged it generally lodges either upon this or one of the other 
fimbria). The fimbriae are covered on the surface opposite the ovum with cilia, 
which produce a current in the direction of the orifice of the tube ; the ovum is 
carried into this and is then gradually propelled towards the uterus by the cilia 
lining the tube. The uterine end of the tube communicates with the cavity of 

1 See on the duct of Giirtner in man, R. Meyer, Arch. f. mikr. Aiiat. Ixxiii. 1909. 
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the uterus by a very small aperture, but in most of its extent the lumen of the 
tube is larger, varying in different parts from 2 mm. to 8 mm. 

Each tube has a strong muscular wall with both longitudinal and circular fibres of 
plain muscle and a thick mucous membrane, which is thrown into permanent longi- 
tudinal folds (fig. 955). There are no glands in its mucotis membrane and very few 
elastic fibres. The tube is lined throughout by ciliated epithelium. The cilia cause a 
current towards the uterus. The two tubes maybe regarded as fused at their lower 
ends to form the (median) uterus. In many animals each tube is directly 
continued into one half of a double uterus (uterus bicornis). Externally the tube 
is covered by peritoneum except along its attachment to the broad ligament ; 
at its open fimbriated end the serous endothelium comes into direct relation and 
continuity with the ciliated epithelium of the tube and its fimbria'. Between the 
peritoneal coat and the muscular layer is loose connective tissue; in this the 
blood-vessels and nerves are conducted to the wall of the tube. 



Fic}. 955 . — Tkansvekse section of Fallopian tube, riiowino folded mucous membrane 

AND WELL-DEVELOPED INTERNAL CIRCULAR AND LESS WELL-MARKED EXTERNAL LONGITUDINAL 
MUSCULAR LAYERS. (F. H. A. Marshall.) 

The muscular coat is strongest at the uterine end, the mucous membrane 
thickest near the fimbriated end. Ballantyne and Williams' have described a 
second thin layer of longitudinal fibres within the circular layer. As in the uterus, 
there is no sharp limitation between the muscular layer and the mucous membrane, 
and the larger part of the muscular layer must probably be regarded as a much 
thickened muscularis mucosae. 

The folds or plicse of the mucous membrane have secondary folds upon them 
in the ampullary part of the tube : the deep furrows between these have sometimes 
been described as glands, but although true glands appear to be absent, the increase 
of surface which the folds represent is probably connected with the secreting function 
of the mucous membrane. Although the lining membrane of the tube is termed a 
mucous membrane, it is stated that its secretion contains no mucus and even little 
or no protein.® 

^ Brit. Med. Journ. 1891. * Bond, Lancet, ii. 1899 (in rabbit). 

^ J. Thomson Sherlaw, Brit. Med. Journ. ii, 1908. 


U TJ 2 



660 


UTERUS 


Blood-veBsels, l3miphatioB and nerves. — The arteries are derived from the 
upper terminal branch of the uterine artery ; there are also anastomotic branches 
from the internal ovarian artery. The veins are in communication with the uterine 
and ovarian veins, and form a close plexus along the line of attachment of the tube to 
the broad ligament. Here also the efferent lymph-vessels are found accompanying 
the blood-vessels : they pass towards lymph-glands in front of the aorta and vena 
cava.^ Both blood- and lymph-vessels are distributed abundantly to the mucous 
membrane ; the layers of the muscular coat have each a special capillary plexus. 

The nerves are furnished from the branches which pass to the uterus and ovaries : 
they are distributed in large measure to the muscular coat, but also to the mucous 
membrane, and filaments have been traced even into the epithelium.^ 

THE UTERUS. 

The uterus is composed of the fundus, which is the name given to the part above 
the entrance of the Fallopian tubes, the hody or main part, and the cervix or neck, 
which opens at the os uteri into the vagina. 

The walls of the uterus consist of an outer serous covering derived from the 
peritoneum, an inner mucous membrane, and an intermediate muscular layer (see 
up})er figure of accompanying Plate). 

XMEuBcular layer. — The thick middle part of the wall of the uterus is 
mainly composed of plain muscular fibres of small size, 0.23 mm. in length in the 
un impregnated uterus, but much longer in the gravid state (fig. 958). Tliese fibres 
interlace closely; tliev are disposed in bundles and layers, and are intermixed with 
areolar tissue, containing a large number of blood-vessels and lymphatics, and 
some nerves. The areolar tissue is more abundant near the outer surface. The 
arrange nient of tin? muscular fibres is best studied in the uterus at the full period 
of gestation, in which the bundles become augmented in size. They may be 
referred to three sets, of which the two more external correspond with the 
muscular coat of other hollow viscera, whereas the internal is an immensely 
hypertrojdiied rnuscidaris mucosw. 

The external layer of the muscular (*oa.t forms a thin superlicial sheet immediately 
b(Mieath the peritoiuuim, and incomplete strata, situated more deeply. A large pro- 
portion of these fibres, beginning as longitudinal bands at the cervix, arch trans- 
versely and obliquely over the fundus and adjoining part of the body of the organ, 
and pass on each side into the broad ligament. Some of them converge at either side 
towards the commencement of the round ligaments, along which tlu'y are in part 
prolonged to the groin ; others pass off to the Fallopian tubes, while strong transverse 
bands from the anterior and posterior surfaces are extended into the ovarian 
liganients. Other fibres run back from the cervix uteri beneath the utero-sacral 
folds of the peritoneum. The inner layer of the muscular coat, which is also thin, 
is composed of fibres found chiefly on the back of the uterus ; these stretch 
over the fundus and towards the sides, running somewhat irregularly between the 
ramifications of the blood-vessels. The muscular coat proper seldom exceeds 
G mm. in total thickness, but it is not (‘asy to assign its limits exactly, for 
there is little or no submucous areolar tissue forming a distinct coat, as in most 
of the hollow viscera. But the place of ramification of the blood-vessels before 
they pass into the mucous membrane serves to determine the boundary between 
the muscuhir layer of the mucous membrane and the muscular coat proper (J. 
^yilliams). 

The mucous mcnihrane of the uterus is characterised by the enormous hyper- 
trophy of the muscular layer proper to it — the muscularis mucosai just described ; 
indeed this forms the greater part of the thickness of the uterine wall. The 

^ Poirier in Traite (Vanatoinie, 18‘.)5. 2 (iawroneky, Arch. f. Gyniik. xlvii. 1894. 
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Human uterus (Sobotta). 1. Section across the body, represented twice the 
natural size. 2. Section of mucous membrane, magnified 150 diameters. 

Haematoxylin-eosin. 

s, serosa; Im, longitudinal muscular fibres; m, circular muscular fibres; 
mm, nucous membrane; I, lumen; ll, broad ligament; W, blood-vessels: 
ep. epithelium; gl, glands. 
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presence of this mass of plain muscular tissue in it confers a distinct character on 
the outer part of the membrane, so that in sections it is differentiated from the 
inner part or corium. It consists of bands of fibres disposed with comparative 
regularity near the fundus, being arranged there in numerous concentric rings 
round the openings of the two Fallopian tubes, the widest circles of the two 
series meeting from opposite sides in the middle of the uterus. In the lower 
part of the body, and in the cervix, the internal fibres run more transversely. 
They form the so-called sphincters of the os internum and os externum. At the 
neck, however, there are also longitudinal fibres within the transverse. 


The arrangement of the muscular fibres both of the muscular coat proper and of the mus- 
cularis mucosae is more regular and more easily made out in the uterus of the lower mammals 
(below Primates), moat of which possess a bi-cornuato uterus consisting of two long tubular 
portions uniting below before opening into the vagina. A section across one of the horns of such 
a uterus is represented in fig. OoO, from 


which it will bo seen that the (ibres 
of the muscularis rnucosai (///.?/?.) run 
almost entirely in a transverse or 
circular direction, and are imperfectly 
separated by an areolar layer {a.), 
containing the large blood-vessels of 
the organ, from the inner thin layer of 
circular fibres of the muscular tunic 
[)n)por (c. ///.). Outside these are seen 
the stout bundles of the outer or 
longitudinal muscular layer (/.a/.), 
and most externally peritoneal 
or serous coat (-s".).' 

As regards its inner part or 
corium, tJie mucous membrane 
lining the cavity of the body 
differs greatly from that of the 
cervix, a distinct line of de- 
marcation separating the two 
portions. 

The Niucous menihrane of the 
body of the uterus is smooth, 
except during the menstrual 
period, and in the unimpreg- 
nated state is entirely devoid of 
ridges ; it is of a peculiar soft 
spongy consistence, of a dull 
reddish colour, and very vas- 
cular. 











DoC). — T kansvkiim-; vekticai, skciion of the wai.e 

OF ONE OF THE COUNUA UTEKI OF THE llAEBIT. (Sclljifer.) 

S’, serous layer ; /.»/., longitudinal fibres of the muscular 
coat; r.///., circular fibres of the same; u, areolar tissue 
with large lilood-vessels ; nt./ii., muscularis uiucosic ; jii., 
mucosa, with coiled glands. 


Under the microscope it appears composed in great measure of small, rounded, 
spindle-shaped, or irregular cells imbedded in a homogeneous ground-substance, and 
with but few connective-tissue fibres apparent (fig. 2 of Plate). According to Leopold, 
liowever, there are numerous fibres, and they form a spongework with lymph- 
atic spaces in the meshes. The superficial part of the corium has a ricli 
capillary network, but blood-vessels are abundant in all parts of the thickness of 
the mucous membrane. The inner surface is everywhere covered by columnar 
ciliated epithelium, and is beset, but somewhat sparingly, with the orifices of the 
uterine glands (fig. 2 of Plate). These, which were discovered by Sharpey, are simple 


’ See on the musculature of the uterus, Sobotta, Arch. f. mikr. Anat. xxxviii. 1801. For otijcr 
references W. Nagel, ‘ Die weibliche Gese.hlechtsorgane,’ 1806. 
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tubes bounded by a basement-membrane and lined with ciliated columnar cells like 
those covering the inner surface. They pass usually obliquely and often with an 
irregular or convoluted course into the deeper part of the mucous membrane, 
and there terminate by blind, sometimes forkc'd extremities, situated amongst the 
bundles of the muscularis mucosai. Towards their extremities the uterine glands 
arc often filled with cells, but in the greater part of their extent they have a 
distinct lumen. 

The epithelium-cells are sometimos short and cubical rather than columnar.' Cilia are not 
always to be found on them. Nerve-fibrcs have been traced into the epithelium. 

The mucous membrane of the cervix is much firmer and mori^ fibrous than that of 
the body. Between the rugae of the arbor vitw there are numerous saccular and 
tubular glandular invaginations, much wider than the glands of the body of the 
uterus. In the lower part of the cervix (vaginal portion) the mucous membrane is 
lieset with vascular papilla3, and the epithelium is stratified, but in the upper half 
or more the epithelium is columnar and ciliated like that of the body. The glands, 



Fi(i. l)r»7.— -Sra’ rioN ok mkcocs memi'.hank ok iikman k'i’eiii:s 1)Ciiin'(! mknstukation, sn »\v- 

IN(i MASSES OK ItEOOD WHICM il VS ESCAI'ED KKOM KEPrOKEJ) CAl’irj.AUlES IX'l'O T I K 
lN l'EU(JI,ANI)ia, AH I’lSSKE, AND HAS AT oXi; I’LAC E (*) ItKOKEN 'rHHOUOH THE SUHKArE 

Ei'i riiEEiTTM. (Selllieini.) 

of th(‘ cv'rvix uteri are short, with a, large lumen; they are lined throughout 
with columnar ciliated (‘pitheliurn, even where the epith('lium of the surface is 
stratified. Besides tlie ordinary glands there arc almost constantly to be seen 
the so-called Nabothi; clear yellowish vesicles of variable size, but visible to 

the naked eye, embedded in the membrane. These probably arise from closed and 
distended gland-tubes, but their exact nature is doubtful. During pregnancy the 
mucous glands of the cervix secrete a. considerable quantity of tenacious mucus, 
which ejfectuaily doses the passage into the vagina from the uterine cavity. The 
blood-vessels of tlie cervix have comparatively thick walls. 

The internal surface of the os uteri is covered, like the vaginal portion, 
with stratified epithelium, which conceals vascular papilhn. It is destitute of 
glands. 

Periodic structural chang^es in the uterus. — At each successive recur- 
rence of menstruation a complete removal of the superficial part of the mucous 
membrane takes place by a j)rocess of softening and molecular disintegration. This 

^ Bjiirkenheiin, Anat. llefte, xxxv. l‘.) 07 . 
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is preceded by an extravasation of blood from the superficial vessels, and com- 
mences, along with the menstrual discharge, close to the cervix, or at the os, 
advancing progressively towards the fundus during the remaining days of the flow 
of blood (J. Williams). Previous to this change, there is a great increase in the 
general vascularity of the parts, and the mucous membrane becomes very much 
thicker (fremenstrual phase). This begins to be evident six or seven days before tlie 
menstrual flow commences, the vessels become dilated and the glands both enlarged 
and elongated, as well as more coiled : they also show increased secretion. The 
superficial part of the mucous membrane is now marked olf from the dee])er part, 
wliich acquires a spongy appearance (Brouha).' 

Stage of menstruation or destructive phase . — There 
are found at first small blood extravasations in the 
superficial layer, which increase in amount and produce 
subepithelial accumulations of blood (luematomata) (fig. 

957). The epithelium of the surface becomes disintegrated 
and cast off ; and this process of disintegration proceeds 
to involve the interglandular tissue and even the glands 
themselves. The blood which has become extravasated 
by rupture of the capillary vessels finds its way into the 
cavity of the uterus, where it becomes mixed with mucus 
and eventually appears at the vulva. 

Some autliorirics hold that the destruction may be confined to 
the superficial layer and even to the epithelium, but there is a 
considerable amount of evidence in favour of a more extensive 
change. Probably there is a good deal of individual variation. 

The process of disintegration in some instances cortainly reaches 
as laras the inner fibres of the muscularis muoosa‘. : 



Post- menstrual phase : stage of repair . — The process of 
restoration of the uterine membrane, which begins even 
before the cessation of the menstrual flow, proceeds in tin* 
same order, from the lower end upwards to the fundus, 
and consists in a very rapid proliferation of the cells of 
tlie mucous uKunbrane and of the epithelium of the glands. 
Tlie whole of the destroyed epithelial structure both of tin* 
glands and of the general surface is renewed from tin* 
epithelium of those parts of the glands that have escaped 
disintegration. The epithelial regeneration is very rapid, 
and the inner surface is already covered again with epithe- 
lium very shortl}^ after the menstrual flow has caaised, but 



the original thickness of the mucous membrane is not at ~ Mukculah 

once attained, the growth in thickness progressing gradu- 

ally up to the time of the next menstruation, and with pukonant cteuus, 

it the growth in length and the intricacy of the uterine Vsellheiim 

glands. The lining membrane of the cervix does not 
participate in the changes referred to. 

In gestation more extensive alterations ensue. The weight of the organ increases 
enormously. Its colour becomes darker, its tissue less dense and its muscular 
bundles more evident. A very great increase takes place in the muscular tissue, 
this increase being mainly the result of the enlargement of the already existing 
elements, the cells becoming enlarged to the extent of from seven to eleven times 


1 Lioge miM. 1911 (quoted from abstract in Zentralbl. f. Anat. viii. 1911). The subject of the 
periodic changes which the uterus undergoes is dealt with in considerable detail by Marshall, Physio- 
logy of Reproduction, 1910, where also references to most of the literature will be found. 
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in length,^ and from two to five times in breadth (Kolliker) (fig. 958). A formation 
of new cells is also said to occur, mainly in the innermost layers (but whether by 
proliferation of pre-existing cells or otherwise is not stated), and to continue until 
the sixth month of pregnancy, when it ceases. The round ligaments become 
enlarged, and their muscular structure more marked ; the broad ligaments are 
encroached upon by the intrusion of the growing uterus between their layers. The 
mucous membrane and the glands of the body of the uterus at first undergo an 
enlargement very similar to that which precedes menstruation ; they subsequently 
become the seat of peculiar changes, more particularly described under Develop- 
ment (Vol. I.). The blood-vessels and lymphatics are greatly enlarged, and the 
arteries become very tortuous as they ramify upon the organ. The nerves also 
undergo considerable increase in size. 



Fi(}. 5)5a.“-Sia’TJON OK ltehine mucous memjikane ehom a woman oe sixty. (Selllieim.) 


After parturition the uterus gradually but rapidly diminishes till it nearly regains 
the size and structure of the un impregnated organ. During this change the 
enlarged muscular fibres undergo fatty degeneration, and are said to be subse- 
quently absorbed, while a new set of fibre-cells is developed. After the first preg- 
nancy, however, the organ never regains its original virginal character. 

After the menopause the uterus undergoes a gradual process of atrophy (jig. 959). The 
mucous membrane becomes more hbrous and thinner, the glands diminish in size and tend to 
become obliterated and tlie muscular coat becomes shrunken and thinner. Sometimes there is 
a cystic enlargement of some of the glands. 

Vessels and nerves. — The arteries which supply the uterus are the right 
and left ovarian (corresponding to the spermatic of the male) and the uterine. 
They are remarkable for their frequent anastomoses, and for their singularly 
tortuous course. After passing a short distance into the thickness of the 

^ The increase is from 40 jx - 00 /x in the virgin uterus uj) to 800 fx - 600 fx at the end of gestation 
(VV. Nagel'. Of C. S. Minot, Human Embryology, 1892. 
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uterine wall they divide into branches which penetrate the muscular tissue of 
the mucous membrane, supplying it with capillaries. They then pass towards the 
inner portion of the membrane and open into a network of large capillaries which 
pervades the tissue in that situation, being especially developed near the surface 
and around the glands. In the cervix, however, and especially in the vaginal 
portion, the arteries, which in this situation possess walls of considerable thickness, 
after entering the mucous membrane, divide into a number of small branches 
which pass directly towards the surface and open into the capillary network there 
present ; from this network loops pass into the papilhe. The veins correspond with 
the arteries ; they are very large, and form plexuses of sinus-like vessels with thin 
walls in immediate contact with the stroma of the mucous membrane. The lym- 
fhatics commence, according to Leopold,* as cleft-like spaces in the mucous mem- 
brane ; there are also well-marked lymphatic vessels extending as a plexus through 
the whole thickness of the membrane (Hoggan).**^ These open into plexuses of 
vessels in the muscularis mucosie and muscular coat proper ; and these again are 
in communication with valved vessels beneath and in the serous covering. 

The nerves are derived from the inferior hypogastric plexus, the spermatic 
plexuses, and the third and fourth sacral nerves. They consist of both medullated 
and non-medullatcd fibres; in th(‘ lower animals small ganglia connected with the 
non-medullated fibres have been observed in the submucous tissue (De la Torre). 

THE VAGINA. 

The wall of the vagina is composed from withinoutwardsof a mucous membrane, 
a muscular and a fibrous coat (fig. 960). It is thickest in front, in the vicinity of 
the urethra, which indeed may b(i said to be irnliedded in it. The vagina is firmly 
connected by areolar tissue to the neck of tlu‘ Idadder, and loosely to the rectum and 
levatores ani muscles ; at the upper end, for about a fourth part of its length, its 
posterior surface receives a (‘overing from the peritoneum, wliich descends thus far 
in the form of a cul-de-sac between the vagina and the rectum. Round the tube 
is found a layer of looser erectile tissue most marked towards the vulva. 

Externally the vagina is formed by a coat of dense areolar tissue. Beneath 
this its walls are composed of unstriped muscle, not distinctly separable into 
strata, but composed chiefly of fibres having a longitudinal direction. They are 
continuous above with those of the uterus. 

At its lower end the vagina is embraced by striated muscular fibres, which 
constitute the spJnncter vaginee. 

On the inner mrlace of the vagina, anteriorly and posteriorly, a slightly elevated 
ridge (‘xtends from the lower end upwards in the middle line ; the two form the columns 
oj the vagina, or colunmw rugariim. Numerous dentated transverse ridges (rngcr) 
are also observed, particularly in persons who have not borne children, running 
at right angles from the columns. These columns and rugie are most evident 
near the entrance of the vagina and on the anterior surface ; they gradually become 
less marked, and disappear towards the upper end. 

The mucous membrane, besides the columns and rugie, has vascular microscopic 
papilla), projecting into a stratified scaly epithelium, but tlic papillfe are relatively 
low and few in number. The vagina is stated to be unprovided with mucous glands, 
the mucus met with in it being derived from the uterus. 

Vessels and nerves. — The vagina is richly supplied with vessels and nerves. 
The arteries are derived from branches of the internal iliac, viz. the vaginal, internal, 
pudic, vesical, and uterine. The veins correspond, but they first surround the 


^ Arch. f. Gyniik. vi. 1874. 


^ Journ. Anat. and Physiol, xvi. 1881. 
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vagina with numerous branches, and form at each side a plexus named the vaginal 
plexus. There is a close network of lymphatics in the mucous membrane, which 
also contains a considerable amount of lymphoid tissue, often collected into 
lymphoid nodules.’ The nerves are derived from the liypogastric plexus of the 
sympathetic, and from the fourth sacral and pudic nerves of the spinal system ; 
tliev are traceable to the erectile tissue, to tlie muscular fibres, and to the 
epithelium. 

The hymen is formed by a fold of mucous membrane ; it has the same structure as the 
mucous membrane of the vagina. 


e 



Fi(i. yOO. — T kansvf.use section of vaijina of monkey, eowek takt. (F. it. a. Marshall.) 

u, stniLified epithelium; nuKrous niemboine ; c, muscular coat, the fibres cut across ; d, a 
nerve-ganglion; d\ nerves; c, an artery; /, fat-cells. 

On either side of the entrance of the vagina between the hymen and the labia minora are 
the orifices of the ducts of Bartholin’s g-lands, which correspond to Cowper’s glands in the 
male. The glands themselves lie on each side of the vagina near its commencement. They 
are reddish yellow, round or oval bodies, about half an inch long. They have the structure 
of tubulo-iaecmose mucous glands, the alveoli being lined by very long mucus-secreting cells 
with their nuclei near the basement-membrane of the alveolus. The duct of each gland is itself 

^ W. Krause, Handbuch der menschl. Anat. 1879. 
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beset with small mucous tubules, and is lined by columnar epithelium, except near its orifice, 
where the epithelium is stratified. The wall of the duct contains plain muscular fibres.' 

Other much smaller glands yielding a similar raucous secretion send their ducts to open at 
the vestibule near the orifice of the vagina (glandulte vestibulares minorcs). 

The clitoris corresponds to the penis in the male, but is not penetrated by the urethra, and 
is far less developed. It has structures corresponding with the corpora cavernosa and the corpus 
spongiosum glandis. Its integument, provided with vascular papillje, is likewise richly fur- 
nished with nerves, ending in end-bulbs, and in tactile and Pacinian corpuscles. 

The bulb of the urethra of the male is represented in the female by two oval masses of erectile 
tissue, the hidhi vestibulif which lie in the lateral walls of the vestibule; each is continued in 
front into a venous plexus which joins the erectile tissue of the glans clitoridis. 

The scrotum of the male is represented in the female by the labia majora^ which are folds of 
integument containing much fat and a tissue resembling the dartos in the male. Their outer 
surfaces are covered with hair, the inner being smooth and hairless : they contain numerous 
sebaceous and sw^eat glands. Within and between the labia majora are two much thinner 
integumental folds, the ; these have the characters of mucous membrane, being 
moist, red and destitute of hairs. 

THE URETHRA IN THE FEMALE. 

The female iiretlira compared with that of tlie male is a short and wide tube. 
Its wall is composed of two layers, the muscular and mucous coats respectively. 

The mucous membrane is whitish, exc'ept near the orific(‘ ; it is raised into 
longitudinal folds, which are not entirely obliterated by distension, ('specially om? 
which is particularly marked on the lower or posterior surface of the urethra. 
Near the bladder the membrane is soft, with many tul)ular mucous glands, 
which may contain concrements like those of the ])rostate in the male. Lower 
down these increase in size and lie in gro\ips between the longitudinal folds. 
Immediately within and around tlu^ ur(*thral orifice are several larger and wider 
crypts (para ’Urethral ducts). 

The lining membrane is covei’ed with a stratified scaly epithelium, but near the 
bladder it becomes transitional. The submucous ti.ssue contains plain muscle-fibres, 
arranged longitudinally near tlie inm'r and circularly near tlu' out(*r })art ; amongst 
the muscle-bundles are numerous white and elastic lllues. Between the meshes 
of this tissue is a highly vascidar structun', in which are many large veins ; this 
is .sonu'times spoken of as a corpus spomiiosurn nrethrw. Outside this layer are 
striated fibres, wliich do not, however, forma, complete stratum ; they are best 
developed, as a circular layer, near the bladder and near the external urethral 
orifice, whih? longitudinal fibres occur most niinuu'ou.sly in the upper part of the 
}X)sterior urethral wall. Th'tween the layers of the triangular ligament the female 
urethra is (*mbra(‘(‘d by the fibres of tlie compressor urethi\n muscle. 

The blood-vessels and nerves of the female urethra are very numerous, and are 
derived from the same sources as those of the vagina. The lymphatics pass into 
those of the bladder. 

^ Soc on Uu' sti'ucluio of I jartholin’s glands, V. Miillcr, Arcli. f. iniki'. Amit. xxxix. ISU‘2 ; Iliiutinann 
Arch. f. niikr. Anat. Ixiii. 
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The organs which will be described under this head are the thyroid gland and the 
parathyroids, the pituitary body or hypophysis, the suprarenal capsules or adrenals, 
the thjmus, carotid and coccygeal glands, and certain small accumulations of 
cells resembling in some particulars of structure the suprarenal capsules, which, 
from their close relationship in development with the sympathetic ganglia — in this 
respect luvsembling the medulla of the suprarenal capsules — have been termed 
paraganglia (Kohn). All these organs resemble one another in being formed of 
epithelial cells which have a special relationship to blood-vessels or lymphatics : 

none possess a duct in adult life, although the thyroid. 



at an early stage of development, had such a struc- 
ture coniKicting it with the mouth, and the anterior 
part of the pituitary is developc'd in connexion with 
a tubular growth from the buccal ectoderm in a 
manner somewhat similar to the development of the 
(‘xteriially S(‘creting glands. 

Although these organs are for the sake of convenienee 
grouped together under the head of internally secreting glands, 
it is not certainly known with regard to the thymus, the 
carotid gland, and the coccygeal gland that these organs yield 
an active internal secretion, and indeed the same may be 
said regarding the cortex of the suprarenal capsules and the 
anterior part of the pituitary. But the thymus is so inti- 
mately related in development to the thyroid and parathy- 
roids, and the cortex of the suprarcnals so closely bound up 
into one organ with the medulla of these glands that it is 
dilHcult not to believe that there is some functional inter- 
relationship between them. VVe arc probably justitied in 
considering them all as belonging to the group of internally 
secreting organs, although, with regard to some, the actual 


Fi(i. {XU. Shki’cii sHowiNc, Ti[ii: 

FOUM AND POSITION OF THE 


experimental proof is still lacking. 


THYUOii) JioDV. (Allen Thom- 


son.) One lialf tlie initurnl 
si/e. 


THE THYROID. 


'I’lie larynx and surrounding 
|)arts aiN! viewed from before; on 
tlie right side the muscles cover- 
ing the thyi'oid body are retained, 
on tlie left sidt; they are removed ; 
////, riglit tliyro-liyoid muscle; 
o//, omohyoid; .s7/, stor no- hyoid ; 
s/, st(>rno-thyroid ; c, crico-thy- 
roid membrane; tr, trachea; o’, 
(esophagus; /, right lobe of the 
thyroid body ; the left loin; ; 
/, the isthmus; It, the librous or 
muscular band termed levator 
thyioideie, which is more rarely 
found in the middle lim^ oi' to the 
right sid(N 


The tliyroid gland lies in the neck on both sides of 
the larynx and upper end of the tracliea (fig. 961). 
It consists of a right and left half or lobe, the two 
lob{‘s being generally united in man by a narrow part 
or isthmus which crosses the front of the trachea. 
The gland is very abundantly supplied with blood, 
probably more so than any other organ in the body 
in proportion to its size, and is of a deep brownish-red 
colour during life : it is encapsuled by connective 
tisfeiic, which also forms a framework of areolar and 
reticular tissue throughout the substance of the gland. 


binding together the proper glandular substance and 
imperfectly separating it into small lobules of irregular form and size.^ 


The thyroid takes origin partly from a median diverticulum of the pharyngeal 
entoderm, partly from lateral diverticula of the fourth visceral pouches (fig. 980). 


^ An (‘xteusivc bibliography dealing with both atructurc and functions of these organs will b(‘ 
found ill the articles ‘ Iiiiiere Sekretion uiid Driisen olmo Ausfiihrsgang ’ by Swale Vincent, in tin; 
Ergebnisse der Physiologic, 11)10-11, and also in Biedl, Mnncre Secretion, ihre physiol. Grundlage, 
u.s.vv.,’ 1010. 

' See on the reticular tissue of the gland, ,1. M. Flint, Amer. Journ. Anat. iv. 1004. 
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The gland substance consists of a large number of closed vesicles spherical or 
oval in shape* and of varying size (from *045 mm. to 1 mm.) (fig. 962) ; they are 
lined by cubical epithelium and occupied by glairy fluid, which exudes from the 



Fkj. 002 — Section of human thyroid. (Szymonowicz.) Maguiliod about 180 diaiuotcrs. 

u, vesicle occupied by colloid, which has partly shrunk away from tlie epithelium , 
by epithelium of a large vesicle; c, c, epithelium of vesicles which are cut tangentially , 
d, interstitial connective tissue. 



Fio. 968 .— Photograph of a section of the thyroid gland of a wild rat. 
(Chalmers Watson.) Magnified 250 diameters. 


cut surface and is known as ‘ colloid.’ The most important organic constituent of 
this appears to be combined with iodine, forming a substance known as iodo- 

1 Streiff (Arch. f. mikr. Anat. xlviii. 1897) found the vesicles sometimes branched, even in the adult 
condition. 
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ihyrin} The colloid is coagulated by most fixing reagents, and may then be 
stained with hsematoxylin and other basic dyes. Under some circumstances it is not 
coagulated into a gelatinoid mass, but shows a precipitate after fixation. The 
vesicles appear to have no basement-membrane (Baber) ; the cells, therefore, 
are in close relationship with the reticular connective tissue of the gland, and the 
capillary blood-vessels, which are extremely numerous, and the lymphatics come 
in almost direct contact with the cells. The colloid may sometimes be detected 
in the spaces of the reticular tissue and in the lymph-vessels : it appears to pass into 
them from the vesicles by exuding between the lining epithelium-cells.’^ 

Both the cells and the contents of the vesicles vary considerably in appearance 
in glands from different individuals, the variation depending in part upon the 
general state of nutrition of the animal, and thus indirectly upon the diet,^ in part 
upon topographical and climatic conditions, the effects of wliich require further 
investigation.'’’ This is well illustrated in the photographs of thyroid of rat 



Fig. 904.— PHOTOGRArH of a skction of the thyroid gland of a wild rat. 

(Chalmers Watson.) Magnified 250 diameters 

shown in fig. 963 and fig. 961. In fig. 963 the gland-vesicles are shown distended 
with abundance of colloid material and the cells are relatively flattened. In fig. 964 
the cells are more cubical or even columnar, the vesicles are less distended, and there 
is little stainable matter in their contents. In both these cases the animals appeared 
perfectly healthy, so that it is not easy to say which appearance is to be accepted 
as normal. Between these extremes all intermediate conditions are met with 
in different specimens. Besides such variations, which are common to all the vesicles of 
a gland, the cells may show individual differences in their staining capacity, and in 
the number and nature of the granules in their protoplasm/’’ That the granules often 

^ See on the iodine-containing material of the thyroid and its relation to tlie structure and functions 
of the gland, Marine and Williams and Marine and Lenhart, Arch. f. Int. Med. 1908 and 1909; Reid 
Hunt, Journ. Amer. Med. Assoc, xlix. 1907 ; Reid Hunt and Seidell, Bull. No. 47 of U.S. Public Health, 
Marine Hospital Service, Hygiene Laboratory, 1908. 

- Phil. Trans. 1881. ^ E. Schmid, Arch. f. mikr. Anat. xlvii. 1896. 

' Chalmers Watson, Quarterly Journal of Experimental Physiology, ii. 1909. 

’ Cf. D. Marine, Cleveland Med. Journ. 1907. 

G. Galeotti, Arch. f. mikr. Anat. xlviii. 1897. Cf. also Langondorff, Arch. f. Physiol. 1889, and 
Hiirthle, PfiUger’s Archiv, Ivi. 1894. The changes in the cells as the result of increased activity are 
also dealt with by W. S. Halstead, Johns Hopkins Hosp. Rep. i. 1891 
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seen in them are connected with the secretory activity of the cell is probable, but 
observations are still lacking regarding the exact nature of the secretory appearances. 



The secretion o£ the thyroid is essential to health. If, in 
man, the gland be removed by the knife or destroyed by 
disease, or if it bo congenitally absent or atrophied, a con- 
dition of myxoedema or of cretinism may result,* which can 
only bo ameliorated by administering thyroid substance or 
extract.* 

Besides the characteristic yellow glairy fluid, 
the vesicles may also contain detached epithelium- 
cells, white blood-corpuscles, which seem to have 
migrated into the cavities, and red blood-corpuscles 
in various stages of disintegration and decolor isa- 
tion ; but whether these last are accidental or normal 
constituents is uncertain. 

In the interstitial connective tissue of the gland 
occur a number of cells similar to the plasma-cells 
of Waldeyer (‘ parenchyma-cells,’ Baber). 

Occasionally small bodies detached from the main mass of the thyroid are 
found, having all the structure of the normal thyroid {accessory thyroids). 


Fia. 965. — Thyroid op doo, injec- 
ted. (Schafer.) Photograph. 



Fig. 966.— Section op human thyroid, injected. (Major.) Highly magnified. 

The close relationship of the capillaries to the epithelium of the vesicle is well shown. 

One of the most frequent pathological changes to which the thyroid body is subject consists 
in a great accumulation of colloid substance within its vesicles : in certain forms of goitre it distends 
them to an enormous degree. Goitre is especially common in certain regions, e.g, Derbyshire, 

1 V. Horsley, Proc. Roy. Soc. xxxviii. 1884, xl. 1886; Murray, Diseases of the Thyroid Gland, 1900 ; 
Edmunds, Journ. Pathol, iii. v. vi. vii., and The Pathology and Diseases of the Thyroid Gland, 1901. 

^ Myxeedema does not necessarily occur as a result of thyroid removal in animals, although it seems 
to be a constant feature of thyroid atrophy in man. See Munk, Virch. Arch. cl. 1897 ; Kishi, ibid. 
clxxvi. 1904; Vincent and Jolly, Journ. Physiol, xxxii. 1905 and xxxiv. 1906; Halpenny and Gunn, 
Quart. Journ. Exp. Physiol, iv. 1911 
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some of the Swiss valleys and the region of the great lakes of North America. The affection 
in these districts is not confined to man, but extends to many of the lower animals. 

In the foetus, and during early infancy, the thyroid is relatively larger than in after-life ; 
its proportion to the weight of the body in the new-born infant being that of 1 to 240 or 400, whilst 
at the end of three weeks it becomes only 1 to 1160, and in the adult is 1 to 1800 (Krause). 
In advanced life the thyroid body is liable to become indurated ; it also frequently contains 
earthy deposit and its vesicles may attain a large size. 



Vessels and nerves. — TJie arteries of the tliyroid body are the superior and 
inferior thyroids of each side, to which is sometimes added a fifth vessel, th(i 
thyroidea ima. The arteries are remarkable for their large relative size, and for 
their frequent and large anastomoses ; they terminate in a capillary network upon 
the outside of the vesicles (figs. 965, 966), each of which has an arteriole and 
venule.' The capillaries are in close contact with the epithelium and may even 

project between the epithelium-cells. The 
veins, which are also large, ultimately form 
plexuses on the surface, from which a 
superior, middle, and inferior thyroid 
vein are formed on each side. The 
superior and middle thyroid veins open 
into the internal jugular ; the inferior 
veins issue from a plexus formed in front 
of the trachea, and open into the innomi- 
nate veins. The lymphatics of the thyroid 
body form numerous and large anasto- 
mosing trunks, both at the surface of the 
organ and throughout its substance ; they 
originate, according to the observations 
of Frey, in the connective tissue which 
unites the gland-vesicles, with the cavity 


of which they appear not to be in com- 
munication. According to Matsunaga ^ 
they originate between the epithelium- 
cells. By using intermittent pressure, 
Hiirtlile succeeded in causing injection- 
material to pass into the vesicles from the 
lymph-paths. 

The nerves are derived from the middle 
and inferior cervical ganglia of the sympa- 
thetic. They accompany the blood-vessels. 
According to Andersson there are no 
ganglion-cells in their course. Their terminal branches extend close to the base 
of the epithelium-cells, between which they, in all probability, penetrate.^ 


Fig. 007 .— Tkansverse section of the left 

LOBE OF THE THYROIP OF A TWO-MONTHS 
KITTEN. (Kohn.) Magnified 20 diameters. 

a, thyroid tissue ; h, h, thymus tissue ; p, //, 
inner and outer parathyroids. 


PARATHYBOIDS. 

Under the name of parathyroid glandules Sandstrom'* described (in 1880) a pair 
of small glandular masses on each side, usually lying in close proximity to the 
lateral lobes of the tliyroid body (fig. 967, p, p'), sometimes deeply imbedded in 
the substance of the thyroid, and constant in occurrence m man and other 
mammals. They vary in size from 3 mm. to 15 mm. in diameter, being on the 
average about 6 mm. long and 3 to 4 mm. broad. Their weight varies from *01 
gramme to *1 gramme.*'^ 

^ R. H. Major, Amor. Journ. Aiiat. ix. 1909. - Arch. f. Anat. 1909. 

O. Andersson, Biol. Fdreningens Fdrhandl. iv. 1891-2 ; H. J. Berkley, Johns Hopkins Hosp. 
Rep. V. 1894; Sacerdotti, Atti d. r. accad. d. sci. d. Torino, xxix. 1898. 

‘ Ltikaref. Furhandl. xv. 1880. ^ Welsh, Journ. Anat. and Physiol, xxxii. 1898. 
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They are usually flattened, and their colour is brown, somewhat like that of the 
thyroid itself, but rather more yellow. In structure, however, they differ from the 
thyroid proper, being composed not of hollow vesicles, but of solid masses of epithe- 
lium-like cells (which sometimes appear in sections as if arranged in anastomosing 
columns) with numerous convoluted blood-vessels between them (fig. 968). Con- 
nected with the cell-masses there are frequently lymph-follicles. They differ 
completely in structure from the normal thyroid and are not therefore to be con- 
founded with the accessory thyroids previously mentioned. These bodies were 
undoubtedly noticed by some of the older authors (Remak, Virchow, and others), 
but their importance was not recognised nor were they systematically treated of. 
Soon after the appearance of Sandstrdm’s account, their structure was indepen- 



Fio. 9C8. — Section of pakathyroid. (Kolin.) 

^ 7 ?, secreting epithelium ; cells containing pigment ; crtT?., sinus-like capillaries ; 
end.y endothelium-cells. 

dently described by Baber (1881) ; of late years many observers have directed 
their attention to these bodies.' 

Kohn,'^ who has made a careful investigation of their structure and their relations 
to the main part of the thyroid, states that in mammals one parathyroid (‘ outer 
epithelial body ’) is constantly met with on the outer surface of each lateral lobe of 
the thyroid and another (‘ inner epithelial body ’) on the inner surface of each 
lateral lobe (see fig. 967, p, p'). Associated in position with these bodies, at 
least in some animals, is a small mass of ‘ adenoid ’ tissue, which has a structure 
characteristic of thymus-tissue, including the well-known epithelial nests (con- 
centric corpuscles) ; this tends to blend insensibly with the neighbouring inter- 
stitial tissue of the thyroid (fig. 967, h). According to Prenant,^ the tissue of the 
parathyroids is similar in general structure and appearance to that of the carotid 

1 Welsh, op. cit . ; Schaper, Arch. f. mikr. Aiiat. xlvi. 1895; Schreibor, Arch. f. mikr. Anat. lii. 1898 ; 
Kursteiner, Anat. Hefte, xi. 1899 ; Zuckerkandl, ibid. xix. 1902 ; Rulison, Anat. Record, iii. 1909 ; 
B^rard and Alamartine, C. r. soc. biol. 1909. 

^ Arch. f. mikr. Anat. xliv. 1895, and xlviii. 1897. ^ La Cellule, x. 1894. 
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Fui. IKJy. — N ormal tiiykoid tishle op cat. 
(VinctMit and Jolly.) 
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glands, and does not represent undeveloped thyroid-tissue. The parathyroids 
take origin from the third and fourth visceral pouches of the embryo (fig. 979), 

from which also the thymus and 
the lateral rudiments of the 
thyroid are derived. When first 
developed they resemble embry- 
onic thymus rather than thyroid 
tissue (see Vol. L, p. 172, and 
fig. 216). 

Structure. — -Tlie parathy- 
roids are composed of small 
masses of epithelium-like cells, 
not very unlike the epithelium- 
cells of the thyroid, arranged in 
intercommunicating trabeculae 
with strands of highly vascular 
connective tissue between the 
trabecuhe. According to Welsh * 
the cells are of two kinds ; but 
these may represent two func- 
tional conditions of the same 
kind of cell. Rulison'^ also de- 
scribes two kinds of cells in the 
human parathyroid : the one 
kind clear, the other kind less 
numerous, somewhat larger and 
having oxyphil granules in their 
cytoplasm.^ According to Ruli- 
son the capillaries of the para- 
thyroids have the character of 
sinusoids. Sometimes, but rarely, 
the cells secun to be set around 
a splierical space, and thus to 
simulate tliyroid vesicles, but 
nornially the structural appear- 
ances are quit(i different from 
those of the thyroid ; nor is 
tlu're in the parathyroids a ten- 
dency to the accumulation of 
colloid. But Gley,'* and Vincent 
and Jolly ’ found in the cat 
that the parathyroid tissue may 
develop vesicles indistinguish- 
able from those of the thyroid 
if the whole of the thyroid have 
been removed, and only para- 
thyroids left (figs. 969 to 972). 

This result has been also ob- 
tained in the dog by Halpenny 
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Fig. 970. --N<)R:\rAL I’ahatiiykoid tissue of ca i’. 
(Vincent and Jolly.) 

A small portion of thyroid, si lowing one compleU' vesich- 
and portions of two others, is included in tlu* liguro. 


coan , 









Fig. 971.— P.VUATHYIIOID of cat after previous 
REMOVAL OF THYROID. (Vincent and Jolly.) 

A tendency to formation of vesicles containing colloid is 
obaeiwable. 


^ O^. cit. - Op. cit. 

"• See also on secretion -granules in parathyroid -cells, D. Forsyth, Brit. Med. Journ. 1907 ; Engel, Intern. 
Monatschr. f. Anat. u. Physiol, xxvi. 1909 ; Weber, C. r. soc. biol. 1909. » C. r. soc. de biol. 1898. 

^ Journ. Physiol, xxxii. 1904. See also D. Forsyth, Brit. Med. Journ. ii. 1907; and Journ. Anat. 
and Physiol, xlii. 1908 ; Getzowa, Virch. Arch, clxxxviii. 1907 ; and Alagna, Anat. Anz. xxxiii. 1908. 



PARATHYROIDS 


675 


and Thompson.' Edmunds,'^ on the other hand, was unable to find such develop- 
ment into thyroid tissue, and regards the parathyroids as entirely independent in 
structure, as they appear to be in 
function. Schreiber found that 
in man, although they usually 
appear to have a structure unlike 
that of the thyroid, they may with 
advancing age develop vesicles 
containing a colloid-like material. 

Schaper has also described such 
vesicles in the parathyroids. 

The jmra thyroids are oven more Pio. 072. — rAiiATHYUuii) ok cat, some time akteu 

essential to life in most animals than kemoval of thyroid. (Vincent and JoJly.) 

the thyroid itself. If they are removed. Characteristic colloid-containing vesicles are now 

severe nervous symptoms, known as cvid(nit in the parathyroid. 

‘ tetany,’ result ; these generally have* a speedily^ fatal termination. This ‘ tetany ’ is most 
common in carnivora and in the young of herbivora-^ : that it is not obtained always has been 




Fio. 073.— The thyroid and thy.mes i.n a child of si.\ months. (Sai)pey.i 
A. Situation, form and relations of the glands. 1, right lobe, 2, left lobe, 3, mt'dian furrow of 
thymus; 4, lung, somewhat everted ; 5, internal mammary vein ; 0, thyroid ; 7, inferior, H, middle 
thyroid veins ; 0, common carotid artery ; 10, internal jugular vein ; 11, vagus nerve. B. Right 
lobe of thymus after removal of its envelope ; 1, its apex ; 2, its base ; 3, thin outer border ; 

4, thick inner border. C. The gland unravelled, showing the lobules, 3, grouped around a 
central cord ; 4, the central cord or strand of connective tissue, connecting the lobules. 

ascribed to one or more of the parathyroids being sometimes less closely associated with the 
thyroid, and only with difficulty found and removed : such dislocated parathyroids are 

^ Anat. Anz. xxxiv. 11)09. For a detailed account of the anatomical relations of the thyroid and 
parathyroid throughout the vertebrate series see P. D. Thompson, Phil. Trans. B. cci. 1910. 

^ Joiirn. Path, and Bact. v. 1898, and xiv. 1910. 

3 S. Simpson, Proc. Soc. Exp. Biol. ix. 1911 (in young lambs). 


X X 2 



67G 


INTERNALLY SECRETING GLANDS 


apt to be left behind, even when the thyroid itself and all the tissue that surrounds it have 
been cut away. ' Tetany has been observed in man as the result of parathyroidectomy : the 
implantation of (human) parathyroid appears to be the only permanently efficacious remedy,* 
although the symptoms may be temporarily relieved by extract of pituitary or of parathyroid 
and by certain salts. ^ 


THE THYMUS GLAND. 

The thymus is composed of two lateral lobes; sometimes united by a median 
isthmus (fig. 973). It is invested by a thin capsule of areolar tissue, which sends 
partitions into the gland : on its outer surface the capsule is covered by a layer of 
flattened cells. Each lobe consists of numerous polyhedral primanj lobules, con- 
nected by a more delicate intervening areolar tissue. These primary lobules are 
made up of a number of secondary or ultimate lobules (also termed follicles) (fig. 974), 
one to two millimetres in diameter. Each of these ultimate lobules is composed 
of a central part or medulla, and an external part or cortex. The cortex is in many 
respects similar in structure to that of a lymph-gland, being subdivided by inward 
prolongations of the connective tissue investing the secondary lobule, but in man 
these partitions do not extend beyond the cortex. The cortex contains a fine 



Pio. 074. -Section oe a secondauy loiutlk oe the thymus of a child. (Schiifer.) 

c, cortex of the lobule partly separated into nodules by the trabeculie, tr\ b h, blood-vessels ; 
and c, c, concentric corpuscles in the medulla. 

reticulum, the meshes being filled with lymphoid cells (lymphocytes, thymus 
corpuscles). In some animals tJie subdivision of the cortex is complete and 
extends to the medulla. 

The medulla is surrounded by cortex, but comes to the exterior of the lol)ule 
here and there, wliere it is joined to the medulla of adjacent lobules (fig. 982) : it is 
usually at these points that the blood-vessels enter the medulla. The reticulum of 
the medulla is coarser than that of the cortex ; it contains here and tnere nests of 
cells which have a concentric structure, and are known as the concentric corpuscles 
of Uassall. They vary in size from 0.025 mm. to three times that diameter, or more ; 
the larger ones (compound corpuscles) often contain smaller ones in their interior 
(figs. 975, 976). 

lu some niiimals [c.g, rat, rabbit) parathyroids may be found imbedded in the thymus (Krdbeim, 
Mitth. a. d. Greiizgebieten d. Med. u. Cliir. xvi. IflOfi; Pipere. Arch. ital. do biol. xlix. 1908). 

^ For a case of this kind see W. 11. Brown, Annals of Surgery, liii. 1911. 

5 Macallum and Voegtlin, Journ. Exp. Med. xi. 1909 (calcium, strontium) ; Ott, ‘ The Parathyroid 
(Handules,’ Phila. 1909; Joseph and Meltzer, Journ. Pharm. and Exp. Ther. ii. 1911 (sodium chloride) 
See further on the effect of parathyroid extirpation Halstcd, Amer. .Journ. Med. Sci. cxxxiv. 1907; 
Thompson, Leighton, and Swarts, Journ. Med. Research, xxi. 1909 ; Glaserfeld, Berlin klin. Wochenschr. 
Jan. 1909 ; Carlson and Jacobson, Amer. Journ. Physiol, .xxviii. 1911. 
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Each nest is composed of an envelope of keratinised epithelium-like cells enclosing 
a central mass, formed of one or more granular cells, which may have undergone 
degeneration. Cells like those in the centre of the nest are also found, unenclosed, in 
tlie retiform tissue of the follicle, and occasionally attain a large size. The amount 



Fi(ji.975 . — Pakt of the medulla 

OP A THYMUS <4EAND SHOWING 
THE RETICULUM, THE T-YM- 
[•HOID CELLS OR THYMUS 
CORPUSCLES AND TWO CON- 
CENTRIC CORPUSCLES. 

(Cadiat.) 


Fig 070. — A concentric corpuscle of thymus 

OF ADULT DOG, WITH PART OP THE ADJOINING 
RETICULUM. (Hanimar.) 

c, a small ciliated cyst. 



of the Hassall corpuscles does not necessarily remain constant in the same thymus. 
Wallis found the total volume of Hassall corpuscles to increase after birth.* 



Fig. 077. — Section op medulla op thymus op human F(ETUs, 70 m.m. in length, showing 

MRANCTIED CELLS OF RETICULUM, WITH A FEW LYMPHOCYTES IN ITS MESHES. (Ilammar.) 


There is evidence of mitotic division of the thymus leucocytes, but there are no 
distinct germ-centres in the lymphoid tissue such as occur in the lymph-glands and 
spleen. 

The reticulum of the thymus (figs. 077 to 979) differs from that of the lymph- 
glands in being essentially formed of a syncytium of branched cells. These are 
not mesodermic but cntodermic, being formed from proliferated cells of the epithelial 

^ Arch, f. mikr. Anat. Ixiii. 1004. 
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tube (fig. 981), which grows on each side from the third visceral pouches of the 
embryo (fig. 980, and furnishes the first rudiments of the gland.* They therefore 
have a common origin with the Hassall corpuscles. The cells of the reticulum 
are large and clear in the medulla, and in places are arranged in close contact 


Pig. 979.— Medulla of thymus of rabbit. (Hammar.) 

A multinucleated giant-cell is seen in the reticulum. The small darkly stained bodies are 
the nuclei of lympliocytes. 


^ The portions of thymus-tissue which occur in connexion with the thyroid (see p. 678) are also 
developed from the third pouch. It is possible tliat a part of the thymus may be derived from the 
fourth pouch. According to A. Zottennann the source of the thymus is different in different animals, 
in some being purely entodcrmic (man), in others purely ectodermic (mole), and in others of mixed 
origin (pig) (Anat. Anz. xxxviii. 1911). 
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with one another, like epithelium -cells. Lymphocytes are much less numerous in 
the medulla than in the cortex. 

In some animals isolated portions of striated muscle are developed in the medulla ‘ (fig. 978) 
and' occasionally vesicles lined by ciliated cells occur (fig. 976, c ; fig. 978). The presence 
of giant-cells like those in bone-marrow has also been noted (fig. 979).* These are all said 
to be formed from reticulum- cells (Hammar). 


Small portions of thymus tissue are constantly found in association with the 
thyroid and parathyroids (Kolin). These may consist of both cortical tissue and 
medulla, and exhibit concentric corpuscles. They are developed from the fourth 
branchial cleft. Nucleated red blood-corpuscles (erythroblasts) like those met with 
in bone-marrow may occur in the thymus (Schaffer). 

The retrogressive development of the thymus gland is accompanied by an 
increase in the interstitial connective tissue, which also invades the lobules. In this 

^ Pensa, Boll. Soc. Med. Chir. d. Pavia, 1902-4; Hammar, Anat. Anz. xxvii. 1905; R. Weissenberg, 
Arch. f. mikr. Anat. Ixx. 1907. * Watney, Phil. Trans, clxxiii. 1883. 

^ Stdhr, Wiirzburg Sitzungsb. 1905; Anat. Heftc, xxxi. 1906; ibid. xli. 1910; Pappenheimer, 
Journ. Med. Research, xxii. 1910. E. T. Bell (Ainer. Journ. Anat. v. 1906), who studied the 
development in the pig-embryo, also concludes that the lymphocytes are of epithelial origin. He finds 
that the Hassall corpuscles develop from parts of the syncytium of branching entoderm cells which 
form the reticulum. At an early stage colloidal matter may be found in the cells of the Hassall 
corpuscles. 

^ Hammar, Anat. Anz. xxvii. 1905 ; Arch. f. Anat. xxix. 1907. See also T. H. Bryce, Journ. Anat. and 
Physiol, xl. 1906, and Stdhr, Anat. Hcfte, xxxi. 1906. Compare Gulland, Lab. Rep. Roy. Coll. Phys 
Edin. iii. 1891; and Maximow, Arch. f. mikr. Anat. Ixxiv. 1909. Hammar has shown that like 
lymphocytes the thymus corpuscles are easily destroyed by aj-rays (Arch. f. Anat. 1907. See also 
H. Rudberg, ibid. (Supplement volume) ). 



The concentric corpuscles are also derived from the original epithelial tube 
which forms the basis of the developing thymus (see Vol. I., Pt. I., pp. 169 to 172). 
According to some authorities^ the lymphoid cells are also of epithelial (i.c. 
entodermic) origin, and are not derived, as lias usually been believed, from the 
surrounding mesodermic tissue. But this is not corroborated by the researches 
of Hammar, who finds that the first lymphocytes are brought to the developing 
gland, and arc not originally formed there. 

Besides lymphocytes, the lobules contain a certain number of granular oxyphil 
leucocytes and polymorph leucocytes. 


1, 2, 3, 4, visceral pouches; 7 ;//, pharynx; tr^ trachea; median 
thyroid sprout; tl^ tl, lateral thyroid sprouts; th, thy thymus; 
gt^y (jt'*y parathyroids. 


Flo. 980. — Ohigin of thymus and thyroid from the visceral 
POUCHES OF THE EMBRYO. (Froiii Premiiit, Bouin, and Maiilard.) 
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tissue plasma-cells become accumulated, and these, at least in the interstitial 
tissue, appear to be eventually transformed into fat-cells, the normal structure 
of the thymus becoming gradually, but never completely, obliterated. For it has 
been shown by Waldeyer, and more recently by Harnmar,’ and by Sodcrlund and 
Backman,*^ that even in advanced age not only can the original shape of the thymus 
be distinctly made out, but that in addition there are constantly to be found traces 
of its original structure in the form of small masses of thymus-corpuscles and a 
reticulum of branched cells and even concentric corpuscles. No definite age can be 
given for the occurrence of involution of the thymus, although it usually begins 
to atrophy at puberty. It may, however, persist long past middle age and show 
normal structure. Its involution is much delayed by castration. Conversely its 



^^iG. 981. — Developing 
THYMUS OF LATER EM- 
BRYO. (From Prenant, 
Bouin, and Maillard.) 

The organ is now in the 
form of a branched epi- 
thelial tube, the distal end 
being solid. 



Fig. 982. — More advanced stage of develop- 
ment OF THYMUS. (From Prenant, Bouin, and 
Maillard.) 

The epithelial tube has become enlarged and 
thickened and its cavity is obliterated. The dis- 
tinction into cortex (c) and medulla (m) is apparent. 
The medulla comes to the surface here and there. 


removal in young animals accelerates sexual maturation at any rate in the 
male sex, although the general growth of the body is not influenced.^ 

The thymus is an organ the size of which is easily influenced by the nutritive 
conditions of the body, wasting rapidly in inanition and increasing in size with 
abundance of nourishment.^ 

Vessels and nerves. — The arteries of the thymus are derived from various 
sources. Their branches penetrate to the ultimate lobules, where they form a 

^ Arch. f. Anat. 1906, Supplement volume. The changes which the thymus undergoes in weight 
and in structure at different ages are very fully dealt with in this paper. 

- Arch. f. mikr. Anat. Ixxiii. 1909 (in the rabbit). 

' Paton and Goodall, Journ. Physiol, xxxi. 1904 ; J. Henderson, ibid . ; A. Goodall, Journ. Physiol, 
xxxii. 1906; Soli, Arch. ital. de biol. lii. 1909. The effect of removing the thymus has recently been 
investigated in dogs by Klose and Vogt (Beitr. z. klin. Chir. Ixix. 1910), who state that, after a pro- 
longed period without adverse symptoms, a condition of cachexia, ultimately proving fatal, results. 
The literature of the subject is given in this paper. 

‘ Hammar, op. cit. 1906 ; A. Jonsoii, Arch. f. mikr. Anat. Ixxiii. 1909. Hammar found that the amount 
of leucocytes and even of Hassall’s corpuscles is markedly affected by general conditions of nutrition. 
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plexus surrounding the cortex ; from this capillaries converge towards the medulla. 
In some animals these vessels loop back towards the cortex, but in others they 
open into an inner vascular circle which lies just within the boundary of the 
medulla. The veins^ for the most part, open into the left innominate vein. 

The lymphatics are large. According to the observations of His on the calf, 
the larger blood-vessels passing to the centre are each accompanied by two or more 
lymphatic trunks. These arise from an interlobular plexus, which again is in con- 
nexion with vessels that surround and enclose the individual follicles without 
penetrating them. One or two collecting vessels pass from each lobe to lymph- 
glands close to the organ. ‘ 

The nerves are minute. Haller thought that they were partly derived from 
the phrenics, but according to Cooper no filaments from these nerves go into 
the gland, although they reach the investing capsule ; as does also a branch from the 
descendens hypoglossi. Small filaments, derived from the vagus and sympathetic 
nerves, descend, on the thyroid body, to the upper part of the thymus. Sympathetic 
nerves also reach the gland along its various arteries. 

The functions of the thymus, as a whole, arc obscure : its structure would lead to the sup- 
position that, Uko the lymph-glands, it may be a source of supply of lymphocytes, but the ap- 
pearances are also compatible with its serving as a storage- place for those cells. In certain 
individuals it is found to persist in a well- developed form until comparatively late in life ; this 
persistence is associated with the condition known to clinicians as the status lymphaticus,'^ 


THE SUPRARENAIi CAPSULES. 


The suprarenal capsules or adrenals are important internally secreting 
glands which lie in close anatomical relation to the kidneys in man and many animals 
(fig. 983), but have no corresponding functional relation to them. They consist 



Fig. 083.— Front view of the right 

KIDNEY AND SUPRARENAT. BODY OF A 
FULL-GROWN F(ETUS. (Allen Thomson.) 

This figure shows the lobulated form 
of the fcetal kidney, r ; v, the renal vein 
and artery ; u, the ureter ; s, the supra- 
renal capsule ; the letter is placed near 
the sulcus in which the large veins {o') 
are seen emerging from the interior of 
the organ. 



Fio. 984. Section of the 

SUPRARENAL BODY. 

(Allen Thomson.) 

A vertical section of the supra- 
renal body of a hetus, twice the 
natural size, showing the lower 
notch by which it rests on the 
summit of the kidney (r), and 
the anterior notch by which the 
suprarenal vein {v) issues, toge- 
ther with the distinction between 
the medullary and cortical sub- 
stance. 


of a mass of epithelium-like glandular substance enclosed by a connective-tissue 
capsule, in the deeper layers of which, at least in some animals, are plain-muscle- 
cells. The capsule sends septa or trabeculso into the organ. Near the surface 

^ Severeanu, Arch. f. Anat. 1909. See further on the lymphatics of the thymus Matsunga, Arch, 
f. Anat. 1910. 

^ The literature of the thymus will be found in Hammar, ‘ Funfzig Jahre Thymusforschung/ 
Merkel and Bonnet’s Ergebn. d. Anat. xix. 1909. 




Fio. 985. -VErTiCAL section op supra- 
iiENAL RoDY ; HUMAN. (Ebcrth.) Mag- 
nified. 

1, cortical Hubstance ; 2, medullary sub- ^ 

stance: u, capsule; zona glomerulosa ; .ection op the cortex op the 

f, zona fasciculata ; d, zona reticularis ; « sui'HABENal. (Bohm and v. Davidoft.) 

groups of medullary cells ;/, section of a a, fibrous covering; h, zona glomerulosa 

large vein. r, zona fasciculata ; rZ, zona reticularis. 

and oxliibits tlie tlirec zones above enumerated, and a medulla of a dark red colour 
(due to the blood in its venous sinuses) occupying the centre of the gland. If 
the section is made from a gland hardened by a salt of chromic acid the medulla is 
of a yellowish-brown colour (see the upper figure of the accompanying Plate) ; in 
either case it contrasts with the much paler tint of tlie cortex. The brown 
coloration is due to the action of chromic acid upon the secreting cells of the 
medulla, and has given rise to the term chroma jfm or chroma'phil to characterise 
these cells. ^ Chromaphil cells are not confined to this situation, but are found in a 
more scattered form in certain other bodies which occur in various places in the 
-abdomen and pelvis, and resemble the medulla of the adrenals in being developed 

^ Also iQimed phceochromocytes. 






Suprarenal, human (Sobotta). Haematoxylin-eosin stain. Magnified 15 and 
80 diameters respectively. 

cf, fibrous capsule; sc, cortical substance; zg, zf, zr, Its three zones; 
sm, medullary substance; c, its capillaries; v, veins; n, nonmedullated 
nerves; g, sympathetic ganglion cells. 
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from cells derived from sympathetic ganglion rudiments (see Vol. I., pp. 135, 205) ; 
these have been classified together by Kohn under the designation 'paraganglia 
and will be afterwards noticed.’ 

Removal of the suprarenal bodies is in most animals speedily followed by symptoms of 
extreme muscular prostration and, within a very few days, by death (Brown-S^quard, 1856). 
Disease of the organs is usually accompanied by the appearance of bronzed patches on various 
parts of the skin and mucous membranes (Addison, 1855) ; the symptoms in advanced disease 
are similar to those resulting from removal. The watery extract of the medulla of the capsules 
contains a (non-proteid) substance which produces, when injected even in minute quantities 
into the blood-vessels of an animal, a great augmentation of the contraction of the muscular 
tissue of the heart and arteries (Oliver and Schafer, 1894) and of most structures which receive 
their nerve-supply through the sympathetic (Langley). 

The cortex of the suprarenals is formed of polyhedral epithelium-cells varying 
in diameter from 0.0125 to 0.02 mm., massed together into columns incom- 
pletely separated from one another by the connective-tissue trabecula) which run 
between them and serve as a supporting framework (see Plate). The protoplasm 
of the cells is finely granular, and contains also small globules of a lipoid material, 
giving the cortex the yellowish colour which it exhibits in sections of the fresh 
organ. In some animals {e,g. guinea-pig) the cells of the zona reticularis contain 
brown pigment-granules. The cells are two or three deep in the glandular columns. 
Secretion-granules have been described within the cortical cells.'^ No blood- 
vessels penetrate between them, the blood-supply of the cortex being confined to 
the connective-tissue septa : these septa also contain lymphatics, which arc said 
to communicate with fine canals between the epithelium-cells (Klein). The arteries 
of the cortex pass into it from the capsule, breaking up into capillary-like channels 
in the septa. The capillaries form a network surrounding the cell-columns of the. 
zona glornerulosa and zona fasciculata ; these vessels open into a venous plexus 
situated in the zona reticularis. This plexus communicates with that of the 
medulla and also, on the inner side of the organ, with the central vein which emerges 
from the medulla. A few arterioles pass from the capsule through the cortex 
directly to the medulla.^ 

The zona glornerulosa is in man occupied by cells which are similar to those 
of the rest of the cortex. But in some animals, such as the dog and horse, the cells 
of this zon{‘ are long and columnar, and arranged so as to enclose a kind of lumen 
(fig. 986). The zona reticularis is characterised by its more open arrangement, due 
to the plexus of sinus-like veins it contains ; which receive, as just noted, the 
blood that has traversed the capillaries of the rest of the cortex. 

Fe-licine^ jstatos that fine particle.s of China ink can pass between the cortical cells from the 
vessels, showing that the capillaries of the cortex have incomplete walls, as in the liver : if so, 
they are probably of a sinusoid nature like those of the medulla. This is certainly the case 
in the embryo (Luna). The lymphatics of the cortex enter it from the fibrous capsule, where 
they form a network; this communicates with vessels which run in the septa between the cell- 
columns of the cortex to join the lymph- vessels in the walls of the medullary veins. 

The suprarenal capsules of the human foetus are of unusually large size. This is almost 
entirely due, according to Elliott and Armour,® to hypertrophy of an inner part of the cortex. 

^ See on the structure of the suprarenal capsules Colson, Arch, do biol. xxv. 1910 ; Disse, article 
‘ Nebenniero ’ in v. Bardelebcn’s Handb. d. Anat. 1902 ; A. S. Dogiel, Arch. f. Anat. 1894 (nerve-endings) ; 
G. Dostoiewsky, Arch. f. mikr. Anat. xxvii. 1886 ; Elliott and Tuckett, Journ. Physiol, xxxiv. 1906 ; 
J. M. Flint, Johns Hopkins Hosp. Rep. ix. 1900, and Anat. Anz. xvi. 1899 (framework) ; Romeo Fusari, 
Arch. ital. de biol. xvi. 1891 (nerve-endings) ; Guarneri and Magini, ibid. x. 1888 ; E. Luna, Anat. 
Anz. xxxiii. 1908; Marcharid, Virchow Festschrift, i. 1891; C. Martinotti, Ann. di freniatr. iii. 1891- 
1892 ; Mattei, Giornale della R. Accad. di Med. di Torino, xlix. 1887 (plain muscle) ; C. S. Minot, Proc. 
Amer. Assoc, for the Adv. of Science, vol. xxxiv. (morphology); Pfaundler, Sitzungsb. der Wiener 
Akad. cl. 1892 (vessels); Hans Rabl, Arch. f. mikr. Anat. xxxviii. I891dsuprarenal of bird); H. D. 
Rolleston, Joum. of Anat. and Physiol, xxvi. 1892, Brit. Med. Journ. i. 1895; Swale Vincent, Intern. 
Monatschr. f . Anat. u. Physiol, xv. 1898, and Ergebn, der Physiol. 1910 ; H. Stilling, Virch. Arch. cix. 1887. 

- Da Costa, Anat. Anz. xxxi. 1907. Srdinko, Abstr. in Zentralbl. f. Anat. iv. 1907. 

^ Anat. Anz. xxii. 1902, and Arch. f. mikr. Anat. Ixiii. 1903. ^ Journ. Path, and Bact. xv. 1911 
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This hypertrophied part is very vascular and is further distinguished from the ordinary cortex 
by the absence of lipoids within its cells. It undergoes a fatty change immediately after birth, 
and by the end of the first year has entirely disappeared. The cortex of the adult gland is formed 
of cells which at first appear only as a thin marginal layer : these contain lipoids. They undergo 
development pari passu with the atrophy of the foetal cortex. In the anencephalous foetus 
the ‘ foetal cortex ^ fails to develop, and the suprarenal resembles that of other foetal animals.' 

The medulla of the suprarenals is formed of a network or spongework of 
cell-columns, which bound anastomosing venous sinuses (sinusoids),^ both trabeculae 
and sinuses being larger than those of the zona reticularis of the cortex with which 



Fio. 087.— Section showino zona reticularis op cortex, r, and medulla, d/, of 
SUPRARENAL OF DOG. (Szymonowicz.) Magnified 384 diameters. 

they are in continuity (fig. 987 and lower figure of Plate). The cells of the medulla 
are in close relationship to the endothelium lining the blood-sinuses, and in 
many parts form the only separation between the epithelium-cells and the blood. 
Some authors have, indeed, described the endothelium as being absent in parts, so 
that here the epithelium-cells would be directly bathed by the blood-plasma.^ 
Irregular lacuna-like diverticula from the sinusoids have also been described as 
penetrating into the cell-columns ‘ : it is thought that these may be for the pur- 
pose of facilitating the passage of the secretion of the cells into the blood 

Sec also on the ‘ foetal cortex,’ E. Thomas, Ziegler’s Beitr. 1. 11)11. 

“ Minot, Proc. Boston Soc. Nat. Hist. xxix. 1900. See on the structure of the blood-vessels of the 
suprarenals J. S. Ferguson. Araer. Journ. Anat. v. 1905. 

Carlier, Anat. Anz. viii. 1893. 


' Pelicine, op. dt. 
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traversing the sinusoids. The cells of the medulla are large; they have a 

finely granular protoplasm : by certain methods of staining much more distinct 
granules, which are believed to be connected with their secretion, can be 

demonstrated within them.^ In man the cells are mostly of an irregularly 
polyhedral shape, but in many animals they are distinctly columnar and are 
arranged along the blood-sinuses like the cells of a secreting gland around the 

lumen of its alveoli and ducts. As already stated, they possess the specific 

property of becoming coloured brown by chromic acid and its salts. 

The blood of the medullary sinusoids is collected into veins near the centre 
and ultimately into a single vessel which emerges from the hilum of the gland, 
and receiving branches from the veins of the cortex and capsule becomes the 
suprarenal vein. 

The medulla and cortex of the suprarenal have not in all vertebrata the same relationship 
as is found in man, although this relationship obtains in mammals, in birds, and in reptiles. 
In amphibia both kinds of cell exist, but they are imbedded in the cortex of the kidneys. 
In teleostean fishes no structure is found representing a medulla. In elasmobranch fishes the 
cortex is represented by a median gland known as the inter-renal body, and the medulla by a series 
of ‘ paired bodk.i ’ which lie in close relationship to the ganglia of the sympathetic chain. 

The cortex and medulla of the suprarcnals are developed from entiredy different embryonic 
rudiments, the cortex being derived from the mesothelium covering the Wolffian body, the 
medulla from the same cells as form the sympathetic ganglia, these cells becoming in certain 
parts ganglion-cells, in others ehromaphil-cells, (See Vol. I., p. 205.) 

Vessels and nerves. — The suprarcnals receive directly from the aorta 

as well as from the phrenic and renal arteries. All these vessels break up into small 
branches before entering the fibrous capsule. The veins of each organ are usually 
united into one, which emerges on the anterior surface at the hilum. That on the 
right side enters the inferior cava, and that on the left the renal vein. The veins 
contain longitudinal bundles of plain muscular tissue in their walls. Veins in the 
capsule communicate with those in the capsule of the adjacent kidney and also 
with the phrenic veins.- Lymph-vessels in the gland arc numerous. They form a 
network of large vessels on the inner surface of tlio fibrous capsule and a second 
network in the medulla,'^ these two networks being united by lymphatics which 
traverse the cortex. Efferent vessels pass both from the capsule and from the 
medulla (at the hilum) and enter lymph-glands near the organ. 

The nerves are derived from the greater splanchnic, through the solar and renal 
plexuses. According to Bergmann some fibres come from the phrenic and vagus 
nerves.^ They are chiefly medullated, and are destined both for cortex and medulla, 
some passing direct to the medulla, others after supplying the cortex. They lose 
their medullary sheath in small peripheral ganglia, some before entering, others 
within the organ. Besides a nerve-plexus in the capsule there are fine plexuses 
in the medulla ; from the latter fibres pass into the cell-columns. Ganglion-cells of 
sympathetic type are sometimes seen in the medulla (see gz in lower figure of Plate). 

1 Carlier, op. cif.] Huligreen and Andersson, Skandin. Aid), f. Physiol. Ix. 1899. See also Stoerck 
and Harberer, Arch. f. mikr. Anat. Ixxii. 1908. 

^ Sec on the development of the vessels of the suprarenal capsules E. Luna, Internat. Monatechr. f. 
Anat. u. Physiol, xxvii. 1910. 

According to Kumita ( Areb. f. Anat. 1909) these run in the walls of the larger veins. 

‘ Biedl(Dio Nebenniere, 1910) got increased How of blood through the suprarcnals on stimulating 
the greater splanclmie. Tsdieboksaroff (Pfiiigcr’s Arch, cxxxvii. 1910) got an increase of adreniii 
both in the gland and in the blood generally on stimulating this nerve, whereas its section led to a 
marked diminution of adrenin. Stimulation of the vagus produced no effect. The physiology of the 
chromaphil substance of the suprarcnals is dealt with at considerable length by tx. Bayer (Ergebn. 
d. path. Anat. Jahrg. xiv. 1910), who also gives an extended bibliography of the subject. 
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TTTT?. PAT?.AaA‘NraT.TA 

Uri(l(-r are included by K.oim ^ UxeearoUd fj[apd.% tlu^ efu-'e.ijijrnl 

^ and a number of other siicj I f ,uhnu,luhu: 

, I I bodies, of struettrre soinewiiat siiniier to 

*!' fi':’'/ 'A tlieie or to the suprarenal capHule?, foiinil 

'' neighbourhood of the kiflncws .'infi «>C 


Fifi.W. Section of twwi: of the 

CAIIOTIT) OLAND (HUMAN), 

THE EPCTnFJ.lUMO.IKK CKELj? OF 
WHICH THE <}LANOUEAH NOI,H;Lbs 

AEE COMPOSKJ), (Scluiper.) High].y 
magnified. 


Flo, yas.-" Section neau the jhfuucation of the com- 
mon CAROTU) ABTEliV, PARSING THROUGH THE CAROTID 

<i?,AKi>. (MarohaneJ,) Bomewliat iiiagnifietl. 
i'k fvr, mteroal arwl estefoal carotid arteries cut across ; 
£//c, carofii! gland; Wood- vessels ; i, interstitial coimec- 

tive tissue of gland ; /, glandular lobules or nodnios, 



Fio. 990— Diagrammatic view of the disposition op the blood-vessels in a 

NODULE OF THE CAROTID GLAND. (Schapor.) 

a, arteriole entering nodule ; n", veins leaving nodule ; v\ veins in connective tissue around 
nodule ; t, enlarged capillary within nodule ; 6, epithelium-like cells of the gland ; c, c, boundary 
of nodule abutting upon lymph-spaces; d, interstitial connective tissue of gland. 


^ Arch. f. mikr. Anat. Ivi. 1900 ; Ergebn der Anal. xii. 1902 ; Arch. f. mikr, Anat. Ixii. 1908. See 
also W. Kose, ifeid. Ixix. 1907. . - 










Fig. 992.— Section of ( oi ( .lii, m. gland. (Walker.) 

1, blood- spaces ; 2, gland-epithelium ; 8, connective tissue. 

The carotid grlandB are placed one on each side at the bifurcation of the 
common carotid (fig. 988). Each consists of a mass of fibrous tissue in which are 
imbedded small nodules of epithelium-like cells (fig. 989), some of which may show 

1 The paraganglia which contain cells similar to those of the medulla of the suprarenal capsules 
are termed by Swale Vincent * chromaphil bodies.’ 
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brown staining with chromic acid and yield a substance having the physiological 
effects of adrenin.^ The nodules are pervaded by a dense network of sinus-like 
blood-capillaries (fig. 990), and large lymphatic vessels surround the outside of the 
nodules. In mode of origin and to some extent in structure they resemble the 
parathyroids ; they are developed from the entoderm of the third branchial pouch. 

The cocoygreal grland (Luschka) lies just in front of the apex of the coccyx. It 
is about 2 } mm. in diameter, but is sometimes broken up into smaller parts. Like 
the carotid glands, it is formed of masses of epithelial cells imbedded in a fibrous 
stroma (figs. 991, 992). The masses are irregular in shape and size, and are very 
vascular, the vessels having a sinusoidal character. The blood is derived from 



Fio. 998.— Dissections of two specimens of the lower end of the aorta and adjacent 

STRUCTURES IN THE HUMAN FCETUS, TO SHOW THE PARAGANGLIA USUALLY PRESENT IN 
THAT SITUATION (Zuckerkandl.) 


aOf aorta ; vc, vena cava ; r, r', left renal artery and vein respectively ; n, ureter ; 
wtt, umbilical artery ; sy, sympathetic plexus ; paraganglia. 


the median sacral artery. The cells of the gland come into close relationship 
to the sinuses, with only a layer of endothelium between ; indeed, the presence 
of this layer is not always easy of detection. It is usually stated that some of the 
cells are chromaphil in character, but this is denied by Stoerck.** 

Numerous nerves pass to the coccygeal gland, and Luschka described ganglion- 
cells within it, but this description has not been confirmed by modern investigations. 
The mode of development and the function of the coccygeal gland has not been 

^ Mulon, Arch. gen. de med. Ixxxi. 1903. 

- H. Fox, Proc. Assoc. Amer. Aiiat., Ainer, Journ. Anat. iv. 1905. 

•" Arch. f. mikr. Anat. Ixix. 1906. 
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definitely ascertained, but it is probably connected with that of the sympathetic 
(Jakobsson).^ 

Other papers on the carotid and coccygeal are: J. Arnold, Virch. Arch, xxxii. 1865, 
xxxiii. 1865, xxxv. 1866, xxxviii. 1867 ; Ebcrth, in Strieker’s Handbuch dor Gewebelehrc, i. 1871 ; 
Heppner, Virch. Arch. xlvi. 1869 ; W. Luschka, Virch. Arch, xviii. 1860, ‘Der Hirnanhang u. die 
Steissdriise des Menschen,’ Berlin, 1860, Arch. f. Anat. 1862, ‘ Anatomio d. menschl. Beckens,’ 
1864; Marchand, in Festschr. z. R. Virchow, i. 1891 ; Pfortner, Zeitsehr, f. ration. Med. xxxiv. 
1869 ; A. Prenant, La Cellule, x. 1894 ; Schaper, 

Arch. f. niikr. Anat. xl. 1892 ; Schumacher, 

Arch. f. mikr. Anat Ixxi. 1907 ; Sertoli, Arch, 
f. Anat. 1862, Virch. Arch. xlii. 1868; Stieda, 

‘ Unters. ii. d. Entwickl. d. Glandula thymus, 

Glandula thyroidea u. Glandula carotica,’ 

Leipzig, 1881; Stilling, Du ganglion intercaroti- 
dien, Roc. inaiig., Lausanne, 1892 ; Swale 
Vincent, Anat. Anz. xviii. 1900; Walker, Arch, 
f. mikr. Anat. Ixiv. 1904. 

The rest of the paragrang-lla of Kohn 
are scattered, as already stated, irregularly 
along the course of the abdoTuinal aorta 
and between and near tlie kidneys (fig. 

993). They vary a good deal in size and 
in situation. In structure they resemble 
the medulla of the suprarenal ; some also 
have cells like those of the cortex of that 
organ. Many of their cells are chromaphil 
(fig. 994), and there is every reason to look 
upon them as accessory in function to the 
suprarenals. 

Aichel describes bodies of this nature 
as occurring occasionally in the following situa- 
tions; (1) in the kidney or underneath its capsule; (2) in the liver; (3) attached to the renal 
and solar plexuses ; (4) retroperitoneal, below kidney ; (5) in the broad ligament of the uterus ; 
(6) in the spermatic cord ; (7) between the testicle and epididymis ; (8) in the corpus Righmori. 
According to Kohn-' the largest of the paraganglia in man lie just above the division of the aorta 
(fig. 993), others just internal to and below the suprarenal cai)sule8, others in the angle formed 
by the common iliacs, and yet others at the sides of the rectum. Smaller ones are scattered 
in the neighbourhood of the kidneys, ureters, aorta, and vena cava, and in the broad ligament. 
Swale Vincent ^ describes a chromaphil body, noticed previously by Kohn, as constantly present 
at the back of the abdomen in the dog, cat, and rabbit, and occasionally in the rat. In the male 
of the last-named animal an accessory body having a structure like that of the suprarenal but 
without ehromaphil-cells ^ is constantly found, attached to the head of the epididymis. 

THE PITUITARY BODY OR HYPOPHYSIS CEREBRI. 

The pituitary body is a small glandular organ about the size of a cob-nut, 
situated in the pituitary fossa of the sphenoid bone. It is connected by a funnel- 
shaped projection of the base of the brain (infundibulum) with the third cerebral 
ventricle, the cavity of wliich extends into the infundibulum ; in some animals, but 
not in man, the cavity is prolonged into the interior of the gland (fig. 995), The 
pituitary body is surrounded and encapsulcd by a prolongation of tlie dura mater. 

A sagittal section through the organ shows it to be composed of two distinct 
portions (fig. 995), which in most animals are almost separated from one another 
by a cleft (fig. 996, g) containing a clear, colourless, glairy fluid. On examination 
with the microscope it is seen that the portion in front of the cleft {fars 

^ Arch. f. mikr. Anat. liii. 1899. 

“ Ibid. Ivi. 1900. ^ Op. cit. 1903. 

^ Proc. Roy. Soc. B. Ixxxii. 1910 * O. Schwarz, Wien. klin. Woch. 1909. 
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Fig. 994.— Section or taut of an accessoky 

SUPRARENAL (cIIROMAPHIL) RODY I NEW-RORN 
CHILD. (Zuckerkancll.) 

chr^ a chromaphil cell. 
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•Mesial sagittal section through pituitary body and base op brain 
OF CAT. (Herring.) Photograph. 






Fig. 996.— Mesial sagittal section through pituitary body op a human pietus 
OF THE fifth MONTH. (Herring.) 

a, optic chiasrna; h, tongue-like process of pituitary extending anteriorly ; c, third ventricle 
(infundibulum) ; d, pars anterior of pituitary ; c, neck or isthmus of pars nervosa, connecting 
it with the bottom of the infundibulum; f\ epithelium continuous with pars intermedia 
surrounding neck ; </, iutraglandular cleft ; 7/, pars nervosa. 
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anterior ) — which forms by far the larger part of the gland — ^is composed of 
trabecular masses of epithelial cells with numerous large sinus-like blood- 
capillaries between them ; while the portion behind the cleft consists of two parts 
of distinct structure, viz. an intermediate portion (fars intermedia), formed mainly 
of epithelial cells, less distinctly granular than those’ of the pars anterior and 
provided with far fewer blood-vessels, and a posterior part {pars nervosa sen posterior), 
which is continuous with the nervous tissue of tlie infundibulum, not always 
sharply marked off from the pars intermedia. Shortly stated, the pituitary body 





Pig. 097. -Mesial sagittal section thkough the pituitary body of an adult monkey. 


Semi-diagrammatic. (Herring.) 


a, optic chiasma; h, tonguo-likc process of pars intermedia; r, third ventricle; anterior 
lobe ; /, epithelial investment of posterior lobe (pars intermedia) ; /', extension of pars inter- 
media over and into adjacent brain-substance; <7, intraglandular cleft; /<, nervous substance of 
posterior lobe. The dark shading indicates the anterior lobe proper ; the lighter shading shows 
the position of the epithelium of the pars intermedin. The arrangement is similar to that found 
in man, but the posterior lobe is relatively rather larger in the monkey. It must, however, 
be remembered that the anterior lobe and the pars intermedia almost surround the ])08t(!rior 
lobe, and do not merely lie ventral to it as they appear to do in a median section. In tlui eat and 
many other animals the infundibular recess is iirolonged well into the posterior lobe. 


consists anteriorly of epithelium and posteriorly of nervous tissue, but the 
epithelial portion shows a distinction into two parts of different character, 
partially separated from one another by the intraglandular cleft. 

Pars anterior. — The epithelium-cells of the pars anterior are arranged in 
irregular clumps and trabeculae, separated by a small amount of reticular connective 
tissue, which contains a network of numerous and large blood-capillaries, apparently 
sinusoidal in nature (fig. 998). The capillaries come into very close relation with the 
cells, which in many places appear in section as if set round the capillaries. The 
cells are of two kinds, clear and granular ; which may, however, represent different 

Y Y 2 
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conditions of a single kind of cell, since intermediate appearances are also observed ; 
the relative amount of the two kinds varies in different specimens.* The one kind 
of cell has a clear or only very finely granular protoplasm, whereas the protoplasm of 
the other kind is full of distinct granules, staining witli basic dyes and giving a 
dark appearance in stained sections to this part of the gland. Cells with oxyphil 
(eosinophil) granules also occur in the pars anterior. Some observers have 
described a vesicular arrangement of the epithelium-cells, enclosing ‘ colloid ’ 
substance as in the thyroid ; but although such an appearance is common in the 
pars intermedia, it does not, according to Herring, occur in the pars anterior. The 
appearances of the pars anterior are strongly suggestive of a gland that is adapted 
to discharge the secretion of its cells directly into the blood. 



Fig. 998. — Section of fare anterior of pituitary (ox). (Dostoiewsky.) 

bl^ blood-sinusos ; c, strands of clear cells; (/, strands of cells containing dark granules. 

Other strands contain both kinds of cell. 

Pars intermedia. — In the pars internu^dia the cells are smaller and less 
distinctly granular — at least the granules arc finer — and blood-vessels are far 
fewer. The cells are massed against the posterior boundary of the intra- 
glandular cleft (fig. 997) ; the layer next to the cleft is arranged somewhat like a 
columnar epithelium. The opposite or anterior wall of the cleft is bounded by 
flattened cells. The most characteristic feature in the structure of the pars inter- 
media is the presence of globules of a hyaline material (fig. 999), to which the designa- 
tion of ‘ colloid ’ has been given, although it is not of the same chemical nature 
as the colloid found within the vesicles of the thyroid. Tliis ‘ colloid ’ or ‘ hyaline ' 
substance appears to be produced by a transformation of the protoplasm of some 
of the cells of the pars intermedia, for the globules not infrequently contain a 
nucleus. They vary in size, some being smaller than the epithclium-cclls, others 
many times larger ; they are most numerous in the part of the pars intermedia 

^ According to Scaffidi, there are certainly two specifically different types of cell (Arch. f. mikr. Anat. 
Ixiv. 1904). Gemelli (Arch. p. 1. sci. m6d. xxx. 1906) describes three kinds of coll in the pars anterior, 
viz. oxyphil, basiphil, and others intermediate in character. Erdheimand Stumme (Ziegler's Beitr. xlvi. 
1909) also describe three types of cell, one clear and two granular (oxyphil and basiphil). The clear 
cells are said to become hypertrophied during pregnancy 
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which merges into the pars nervosa. In some animals, especially those in which 
the cavity of the infundibulum is prolonged as a canal into the pars nervosa, the 
pars intermedia extends around this canal so as almost to reach the base of the 
third ventricle. Occasionally, where the hyaline matter has accumulated between 
the cells of the pars intermedia, these seem as if set around it, and simulate the 
appearance of epithelial vesicles ; but true closed vesicles like those of the thyroid 
are not present. According to Neubert,' the cells of the pars intermedia contain 
glycogen, which is also present in the hyaline substance. After injury of the pituitary 
the cells of the pars intermedia tend to invade the pars nervosa : ^ this is probably 
merely an exaggeration of the process of cell-migration which occurs normally. 

Pars nervosa. — The pars nervosa is formed almost entirely of neuroglia : 
it contains no nerve-cells and but a few nerve -fibres ; these pass through it 


infund tOultim 



intragland nlar clef t 

Fig. 999. — Section of part of the postekioh lohe of the pituitary of a doo, showing 
MASSES of colloid MATTER PASSING TOWARDS AND INTO THE CAVITY OF THE INFUNDIBULUM. 
Photographed from a preparation by Herring. Magnified 160 diameters. 

The animal had undergone thyroidectomy nineteen days before being killed for examina- 
tion of the pituitary, and the hyaline secretion is present in unusual amount. Some of this 
appears to be present in nucleated colls, but for the most part it forms irregular clumps which 
appear to be streaming from the pars intermedia (below in the figure) to the cavity of the 
infundibulum (above). 

towards the epithelial part of the gland, in which they terminate.^ The pars 
nervosa contains many neuroglia-cells and a great number of fibres (fig. 1000) 
prolonged from the ependyma-cells which line the infundibulum and its 
prolongation, when tliis is present. Roth the neuroglia -cells and the ependyma- 
cells of man contain pigment ; this appears to be of a lipoid nature.'^ 
Globules of hyaline matter are also observed in the pars nervosa, lying in spaces 
within its tissue, most numerously near the pars intermedia, but extending 
all through its substance as far as the infundibular cavity and its prolongation 
(fig. 1000, h, d, e). Here they are seen to be discharged into this cavity and to 
mingle with the ventricular fluid within it. That the hyaline substance is produced 

^ Ziegler’s Beitr. xlv. 1909. - Cushing and Goetsch, Anier. Journ. Physiol, xxvii. 1910. 

•" Savagnone (Riv. ital. d. neuropat. ii. 1909) finds numerous nerves proceeding to the gland from 
a group of nerve-cells, situated just behind the optic chiasma. He states that they pass to both 
anterior and posterior lobes. ‘ Kohn, Arch. f. mikr. Anat. Ixxv. 1910. 
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by the cells of tlie pars intermedia there can be no doubt : it represents in fact 
the secretion of this part of the gland. But in place, of being passed into the blood 
or lymph, as is the case with the secretion of other internally secreting organs, it is 
delivered into the third ventricle and mingles with the cerebro-spihal fluid. Its 
existence in this fluid has been proved experimentally by Cushing and Goetsch. Its 
amount is greatly increased in animals from which the thyroid body has been 
removed (fig. 999) : from this it has been inferred that the pituitary can act 
vicariously for the thyroid. But extracts of pituitary have an entirely different 
physiological effect from thyroid extracts, and the chemical nature of the ‘ colloid ’ 
formed by the pars intermedia is different from that of the thyroid, e.g, it contains 
no iodine, even after thyroidectomy : ‘ it is therefore doubtful if the two glands 
are really functionally complementary to one another. 

Tliat the colloid, or hyaline substance, has been occasionally observed amongst 



Fio. 1000 .— Section of part op neck of pahs nervosa of the pituitary of a cat, 

SHOWING HYALINE MATTER LYING AMONG THE EPENDYMA FIBRES OF THE PARS NERVOSA 
AND ALSO PASSING INTO THE CAVITY WHICH IS PROLONGED INTO THE GLAND FROM THE 
INFUNDIBULUM. (Herring.) 

G, epeiidyma-cclls lining the cavity; 6, hyaline substance (colloid) within the cavity; 
c, epeiidyinii-iibres ; d, hyaline material between the fibres ; c, a more granular mass of colloid 
lying between the fibres. 


the cells of the pars anterior — not a place where it occurs normally — may be 
due to the occasional presence in the pars anterior of cells belonging to the pars 
intermedia. 

In development the epithelial part of the pituitary is derived from the epithelium of a 
hollow median upgrowth from the buccal ectoderm, which grows towards the third ventricle 
to reach nearly to the base of the brain, its connexion with the mouth being then cut off. It • 
is met by a downgrowth from the infundibulum ; this forms the pars nervosa. The intra- 
glandular cleft represents a remainder of the cavity of the buccal outgrowth. 

^ Sutherland Simpson and Andrew Hunter, Quart. Journ. Exp. Physiol, iii. and iv. 1910, 1911. 

^ The above account of the structure of the pituitary is founded mainly on the work of P. T. Herring 
(Quarterly «fourn. of Exper, Physiol, vol. i. 1908), who also in the same Journal gives an account of the 
development of the gland and a general history of the subject, with literature up to that date. A very full 
bibliography is also given by Masay (These, Bruxelles, 1908) and by Gentes (Soc. Sci. d’Arcachon, 1907). 
Later observations than these will be found referred to in the Croonian Lecture on the Functions of the 
Pituitary Body, by E. A. Schiifer (Proc. Hoy. Soc. B. Ixxxi. 1909). 
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Remains of the primitive duct from the buccal cavity are not infrequently found. Civeralli * 
has described an accessory gland having the same structure as the pars anterior, lying in the 
periosteum on the under surface of the basi-sphenoid.* Another accessory body is described by 
bandy and Goetsch * as occurring under the centre of the gland, between the two layers of the 
dura, and is termed by them the parahypophysis. It is an epithelial structure, but differs from 
the pars anterior of the hypophysis in having no eosinophil cells. 

The study of the structure of the pituitary has acquired considerable interest since it has 
been shown that extracts made from it produce important influences upon the contraction of 
the heart and blood-vessels and upon the secretion of the kidneys and mammary gland. ^ These 
effects are obtained only from the posterior portion of the gland, i.e. the pars intermedia and 
pars nervosa, and are probably due to the ‘colloid’ secretion. 

Most authorities agree that the gland is essential to life : if removed death results usually 



Fio. 1001. — Mesial sagittal section of pituitary rody of adult cat; rlood-vkssels 
INJECTED WITH CARMINE GELATINE. (HeiTiiig.) Photograph. 


rt, optic chiasma; 6, toiigue-liko process of pars intermedia; c, third ventricle; d, anterior 
lobe ; e, pars intermedia lying above neck of posterior lobe ; /, posterior lobe ; y, central artery 
entering posterior lobe at its postero-superior angle; //, large vein lying between nervous 
substance and epithelial investment of posterior lobe. 

is removed; in young animals the fatal result is sometimes longer deferred. But Horsley 
and Handclsmann state that the whole organ may be removed in animals (dogs, cats, monkeys) 
without the supervention of any adverse symptoms.® 

1 Int. Monatschr. f. Anat. u. Physiol, xxvi. 1909. 

- See also Halbcrfeld, Ziegler’s Beitr. xlvi. 1909, and Citelli, Anat. Anz. xxxviii. 1911. 

Amer. Journ. Anat. xi. 1911. 

^ Oliver and Schiifer, Journ. Physiol, xviii. 1895 (action on blood-vessels); W. 11. Howell, Journ. 
Exper. Med. iii. 1898 (action on heart and blood-vessels); Schiifer and Vincent, Journ. Physiol, xxv. 1899 
(action on heart and blood-vessels) ; Schafer and Herring, Phil. Trans. B. exeix. 1900 (action on kidney) ; 
Ott and Scott, Proc. Soc, Exper. Biol. viii. Dec. 1910 (action on mammary secretion) ; Schiifer and 
Mackenzie, Proc. Roy. Soc. B. Ixxxiv. 1911, and K. Mackenzie, Quart. Journ. Exp. Physiol, iv. 1911 
(action on mammary secretion). 

’ Paulesco, Jouni. de Physiol. 1907, and ‘ L’hypoifliyse du cerveau,’ 1907 ; Harvey Cushing, ‘The 
Hypophysis Cerebri,’ Journ. Amer. Med. Assoc, liii. 1909; Reford and Harvey Cushing, Jolins Hopkins 
Hosp. Bull. XX. 1909; Crowe, Cushing, and Homans, Quart. Journ. Exp. Physiol, ii. 1909, and Johns 
Hopkins Hosp. Bull. xxi. 1910; Schiifer, up. cit 
Brit. Med. Journ. Nov. 4, 1911. 
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(yOiiHidcrablc clinical interest has been aroused in the pituitary since it was shown by Marie ‘ 
that the pathological condition known as acromegaly, which is characterised by hypertrophy 
of connective tissue and of certain parts of the skeleton, is associated with tumours of the gland, 
which generally commence as hyjierplastic growths of the anterior lobe. The enlargement 
which the gland undergoes during pregnancy and after ovariotomy points to a connexion between 
its function and those of the generative organs.- As already stated, the hyaline secretion of 
the posterior lobe is increased in amount and the whole gland is enlarged as the result of 
thyroidectomy.^ A great increase of the hyaline substance; has also been noticed as the result 
of extif j)ation of the pancreas. * 

Blood-vessels and lymphatics. — d’he ])ituitary body is extraordinarily vascular. This 
statement applies particularly to the pars anterior (Hg. 1001), the pars intermedia receiving fewer 
blood-vessels, and the pars niu vosa still fewer. 

The source of the blood-supply is dealt with at considerable length by Dandy and (ioetsch,® 
who find that the pars anterior receives eighteen to twenW small arteries which converge to it 
from the circle of Willis, d'hey open into numerous large sinusoidal channels, in close proximity 
to the c'ells of the gland. No arteries or veins, properly so designated, occur in this 
lobe. The blood from the sinusoids passes towards veins in the stalk, which enter a venous 
circle overlying the circle of Willis and draining into the veme magna; Galeni. The pars intermedia 
derives its blood-sup))ly from v(‘ssels in the stalk and from the adjacent posterior lobe ami brain. 
Its vessels form collateral connexions between those of the pars anterior and pars posterior. The 
pars posterior obtains its arterial sujjply from a imalian vessel formed by the junction 
of two lateral vessels, one from each internal carotid. Its blood is redurned by one large vein 
and other small veins which enter the venous circle above mentioned. 

According to Thom," there are nunuu’ous interfollicular lymphatics between the strands of cells 
of the pars anterior, and these, on tlie om* hand, receive the secretion of the cells, and on the other 
pass it out with the lymph into the subarachnoid space. Oeutzfeld also described lymphatic 
clefts in the organ, which commnnicatt* with wide fissures near the dorsal surface, and through 
these with the subarachnoid s])ace. On the other hand, Edinger,' using an injection method, 
describes p(M’icellular clefts throughout the pars anterior which freely intercommunicate and 
join other clefts passing along the stalk into the lirain -substance, where they enter the peri- 
vascular spacers, j^klinger lielievc'S this to b(‘ th(‘ path whereby the secretion of the c(Mls of the 
])ars anterior leaves the gland. ^ 

^ Uevue (Ic Mud. vi. ISSC ; Hraiii, iHSi), See also Woods-Hntchinson, New York Medical .lourn. Ixvii. 
LSUS, and Ixxii. IDOU, 

•• K. Mayer, Ardi. f. Oyii. xc. 1010; ^J’andler and Gross, Arch. f. Entwickl.-nicch. xxx. 1910. 

’ Sutlicrlaiid Hiinpson and Andrew Hunter, o/>. cit. 

' (hisliing and Goid/sch, op. cit. '' Op. rit. 

'■ Arch. f. mikr. Aiiat. Ivii. 1001. " Ibid. Ixxviii. 1011. 

^ Other pajiers dealing with the structure of the pituitary arc, Bevacqna, Anat. Anz. xxxviii. 1911 ; 
A.S. and H. G. Griinbaum, Proc. Physiol. Hoc. Mav, 1011 (.ioiirn. Physiol.); Perna, Anat. Anz. xxxviii. 

1911. 
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Archoplasm, 10, 30 

Arcuate fibres of iiK'diilla ol)longata, 299, 
301 

Area vasculosa of embi'yo, 352, .373 
Areas of Cohnheini, 178 
Areola of mamma, 480 

plain muscle in, 453, 481 
s(‘baeeous glands in, 480 
Areohe of areolar tissm*, 103, lt)4 
Areolar tissue, 4, 102, 10.3-lOtl 
blood-vessels, 115 
cells, lot) 108 
l)asiphil, 108 
clasmocyp's, 107 
lamellar, lOti 
plasma-, 108 
wander-, 108 
develo[)ment, 1 10 122 
elastic tibres, 104 

ground-substance or matrix, 102, 104 

lymphatics, 115 

nerves, 115 

])igmcnted, 108 

white fibres, 104 

Armour on suprarenal capsules, 083 
Arnold on canaliculi in cartilage-matrix, 135 
o!i carotid and coccygeal glands, 089 
on cell-granules, 22 
on glycogen in muscle, 178 


I Arnold on intercellular fibrils, 95 
' on secretory canaliculi, 433 

on stigmata in capillaries, 345 
on trophospongium, 178 
Arnstein on nerves of trachea and lungs, 589 
Aron on colloidal solutions, 11 
Arrector pili muscles, 230, 408, 475 
nerves to, 472 

d’ Arson val on theory of muscle-contraction, 189 
Arteriie rectic of kidney, 591, 592, 593 
false, 592 

Arteries or Artery : 

development, 352-355 
elastic tissue in, 114 
endothelium, 83, .331, 333 
large, 333 337 
medium -sized, .330- 333 
mode of distril)ution, 329 
nerves of, .351-352 
small, 349 
structure, .3.30 
special : 

axillary, .342 
of brain, 340 
bronchial, 342 
carotid, 329 
of camel, 329 

cerebral, 330, 331, 330, 351 
common carotid, 333 
iliac, 333, 3.34, 337 
<'oromny, 324 
cutaneous, .332 
of domestic animals, 342 
dorsal of ])enis, 330 
(*xl(‘rnal iliac, 334 
of foot, 329 
of hand. 329 
iliac, 332, 334, 330 
innominate, 333 
intercostal. 329 
interlobvdar of kidn(*y, .348 
internal carotid of sheep, 329 
intracranial, 330, 331, 330 
of kidn(*v, 341 
labial, 329 
of lung, 342 
of inesmitery, 329 
placental, .342 
[)ulmonary, 330, 351 
n*nal, 330, 330 
sacral, 329 
spermatic, 329 
splenic, 330 
subclavian, 333 
su])erior mesenteric, 330 
tibial, .3.3t), 332 
umbilical, 330, 342 
uterine, 329 

vert(‘bral, 330. See also the various 
organs 

Articular cartilage, 135 
end-bulbs, 204 

Arytenoid cartilage, 119, 574, 575 
Aschoff on structure of cardiac muscle, 202 
on mucous membrane of bladder and 
ureter, 009 
Assimilation, 15, 71 
Association-fibres, 317 
Aster, 31, 44 
Astrosphere, 20, 32, 57 
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Athias on interstitial cells of ovary, H57 
Atria of lung, 581, 588 
Attraction-particle, 29. See Centriolc 
Attraction-sphere, 29. See Centrosome 
Aiibertin on replacement of hairs, 474 
Auditory nerve, 287 

Auerbach, plexus mysenteri(',us of, 191), 227, 
253, 522, 552 
on oxy-cliromioles, 35 

Aufschnaiter on muscular coat of stomach, 
535 

Auricle of heart, 200, 322, 323 
Auriculo- ventricular bundle, 200, 322 
valves, 323, 320 
Autolysis or auto-digestion, 11 
Autonomic system, 240 

Axial fibre in pseudopodium of Heliozoa, 79 
filament in tail of spermatozoon, 023 
Axilla, sweat-glands of, 477 
Axis-cylinder or Axon, 209, 231, 232, 234 
Axon-reaction 212, 251. See Nissl de- 

generation 


11a HAK on pigraent-ei‘lls, 109 
Haber, (5-ess\vell, on librils in hyaline cartilage, 
1 34 

on j)arathyr()i(ls, 073 
on ])ari‘nehyma-eells in thyroid, 071 
on thyroid, 070 
Babkin on pancreas, 559 
Hackman on thymus in advanced age, 080 
Backmund on development of sweat-glands, 
479 

v. Baer on corpus lutcum, 054 
on ovum, (>18 

Ba('tjer on development of lymph-vess(‘is, 302 
Balabio on rctic’ular tissue, 125 
Baldwin on disposition of duets in f)ancreas, 
557 

Balfour on dev<‘lopment of blood-cells and 
blood - vessels, .37 < > 
on development of jierves, 243 
on oogenesis, 057 

Ballanee on regeneration of connective tissiu*. 
122 

Ballantyne on muscle of hallopiaii tubes, (>59 
on parovarium, 058 

Balli on epithelium of ejaculaiory duet, 041 
on reticulum in pavement-(*pith('lium, 85 
Ballowitz on cells of Descemet's membrane, 25 
on mast-cells, 108 
on structure of spermatozoa, 041 
Van Bambekeon multiple division of nucleus, 
41 

Bang on cell-lipoids, 1 1 

Bannwarth on spleen, 414 

Bardeen <)n development of nei ves, 245 

V. Bardeleben on eell-strueture, 9 

on dimorphism in spermatozoa, 041 
on interstitial cells of testis, 041 
on number of chromosomes in cells, 41 
on spermatogenesis, 641 
on structure of spermatozoa, 041 
of testis, 041 

Barfurth on cell-bridges in plain muscle, 195 
on ciliated epithelium of uterus, 92 
Barker on auriculo- ventricular bundle, 200 
on nerve- coll, 212 
on neurone theory, 215 


Barotaxis, 70 
Bartholin, duct of, 518 
glands of, 4, 425, 666 
Basal particles of cilia, 32, 72, 75, 90 
Basement- membrane or -membranes, 131,431 
formed by retiform tissue, 123 
of glandi^, 431 
of mucous membrane, 442 
Basi- chromatin, 34 
Basi-ehromioles, 34 
Basilar membrane, 285 
Basiphil cells of conneetivo tissue, 108 
granules, 23 

in leucocytes, 390 
in nerve-cells, 211 
in nucleus, 34, 35 
Basket- ceils, 306 

Baum on development of lymph-glamls, 404 
on germ-et'ntres of lymph-glands, 399 
on muscle-spindles, 279 
Ban me (Ui development of teeth, 514 
l^ayeron chromaphil substanee of adrenals, (>85 
Beale on constitution of tissues, 119 

on sympatlietie ganglion-eells of am- 
philha, 226 

Beissner on interstitial cells of testis, (Ul 

B(‘l(‘gzellen, 531 

B(‘I1 on deposition of fat, 131 

on development of adipose tissue. 128 
of thvruus. 679 

Bellini, duets of, 590, 597, 598, (iOO 
B(‘nda oil mitoeliondria, 24 
oil S()ei’matogeiK‘sis, 641 
on spermatozoa, 92 
on vocal cords, 577 
\'an Bi'iieden on centriolc, .30 
on dividing ovum, 53 
on hutilisation of ovum, 53 
Benedieenti on nerves of trachea, 589 
Benslcy on glands ol eardia, 52t) 
on stomach, 535 
Berard on parathyioids, (>73 
Berdsall on develoiuniuit of niu va'S, 242 
Berg on solutions of nucleic acid and prota- 
mine, .39 

V. B(‘rgen on cell-eanalieuli, 27 

on reticulum in iierv(*-eells, 219 
Bergmann on nerve-supply of adrenals, (>85 
Berkley on dendrites, 21 I 

multipolar cells at terminations of sym- 
path(;tie lU'rves, 227 
nerve-enflings in salivary glan<ls, 25?) 
nerva'S of heart, 201 
of kidney, 6t)l 
of liver, 571 
of thyroid, (572 
Bernard on pancreas, 559 
Bernsb'in on amoeboid movement, 77 

on MeDougall’s hypothesis of musek*- 
strueture, 188 
on muscle eon traction, 189 
on nerves of liver, 571 
Bertel on lymph-glands, 396 
Bertini, columns of, 590 

Berzelius on chemical composition of enamel, 
499 

Bethe on nervi'-degeneration, 245 

on nerve-endings in cpithelia, 276 
on neuro-tibrils, 216, 217, 218 
on regeneration of nerve, 251 
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Betz- cells, 9 , 314 

Bevacqiia on structure of pituitary, 690 
Bibra on chemical composition of dentine, 496 
on (•h(*mical composition of enamel, 499 
Bidder on formation of epiphyses, 107, 108 
Biedcrniann on iiltramicroscopic particles, 10 
on vital phenomena of protoplasm, (il 
on Wcismann’s views regarding karyo- I 
kinesis, 60 | 

BiedI on internal secretion, 008 | 

on nerve-supply of adrenals, 086 I 

on origin of fibres in white rami com- ! 
municanl(‘8, 237 | 

Bielehowski on staining of neuro-fibrils, 217 1 
Bikeles on absence of neurolomma in lumbar | 
I)ostcrior roots, 234 
on regeneration of nerve, 261 
Bile-eanaliculi, 429, 433, 603, 509 
Bile-duct or -duets, 671, 672 
common, 671, 672 
Billroth on absorption of bone, 109 
on spleen, 414 

Bindegewebe, 103. vSee Connective' tissue 

Bioblasts, 10, 24 

Biogens, 10 

Biophores, 10, 60 

Bioplasm, 10 

Biotonus, 7 1 

Birch on lacuiue in boiu', 160 
Birds, h.emal lymph-glands of, 4(K{ 
lymph-hearts in, 300, 304 
ossified tendons of, 162, 163 
parietal cells of, 632 
supraienal of, 083 
tactile (‘nd-organs of, 271-273 
BischolT on corfius luteum, 064 
Bi/.zozero on blood-platek'ts, 3t)l 

on blood-vessels of marrow, 164 ' 

on crypts of laoberkuhn, 640 
on develoi)ment of erythrocytes, 386 
on erythroblasts of birds, 386 
on glands of small intestine, 662 
on intercellular libiils, 96 
on lymphatics of lu'art, 324 
on retiform tissue, 123 j 

on serous membranes, 418 i 

on white thrombus, 392 
Bjdikenheim on ciliated epithelium of uterus, 

92 

on \iterine glands, 002 
Bladder, gall, 573. 8ee (lall-bladder 
urinary, 4, 83, 97, 690. (iOti-OOO 

blood-vessels, 008, 009 I 

fasi'iculated, 007 I 

lymphatics, 009 j 

mucous membrane, 97, 007 i 

nerves, 009 | 

sacculated, 007 i 

structuri', OOfi ! 

trigone of, 007 

Bladder-cells (of embryonic epidermis), 460 
Blandin, glands of, 489 

Blaschko on development of ridges and j 

papilla? of cutis, 466 I 

on epidermis, 440 j 

Blastocyst or Blastodermic vesicle, 3 i 

Blastoderm, 3 

Bloch on growth of nail, 402 
Blood, 306-393 
characters, 306 


Blood-corpuscles, 4, 366-393. Seo Erythro- 
cytes ; leucocytes ; Thrombocytes 
Blood-glands, 4 

Blood-islands of Pander, 353, 373, 374 
Blood- platelets. See Thrombocytes 
Blood-vessels, 86, 114, 321, 328 361. See 
Arteries • Capillaries ; Veins 
development of, 352-355, 373-379, 380- 
382 

nerves of, 351, 352 

Bock on lymphatics of cardiac muscle, 201, 
326 

Bocck on muscle under polarised light, 186 
Boeeke on development of motor end-organs, 
268 

Boehm on spleen, 414 
Bogomoletz on glands of Brunner, 548 
Boldyrow on nerves and vessels of larynx, 
577 

Boll on basement- membranes, 431 
Bond on raucous membrane of Fallopian 
tubes, 669 

Bone, 4, 102, 103, 142-171 
absorption, 162, 168 
blood-vessels, 163 
canalieuli, 147 
cells, 148 

chemical composition, 142 
development, 165, 159-168 
history of, 171 
intracartilaginous, 159-168 
iiitramembranous, 1 65-1 69 
growth, 166, 168, 170 
Haversian canals, 143, 146, 148, 163 
lanicllie, 116, I4() 
spaces, 162, 166 
systi'ins, 146, 148 
insertion of tendons in, 161 
laeume, J47 
lamella-fibres, 119 
lamellar structure, 146 
lymphatics, 164 
marrow, 163, 169 
minute structure, 143 162 
moulding, 170 
nerves, 154 
perforating fibres, 160 
periosteum, 153 
re-deposition, 1 62 
regeneration, 1 70 
Bone-marrow, 126, 142, 153 

formation of blood-corpuscles in, 382- 
386, 391 

megakaryocytes, 383 
myelocytes, 382 

de Bonis on secretion-granules in prostate, 
641 

Bonnet on sweat-glands, 478 
Borden on deposition of fat, 131 
Boruttau on erythrocytes, 366 
]5otazzi on colloidal solutions, 11 

on invertebrate thrombocytes, 392 
Botezat on nerve - endings in epidermis, 
276 

on nerve-endings in mucous membrane 
of mouth, 276 
on netves of hairs, 471 
of skin, 467 

Bottcher on crystalline masses in semen, 
626 
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Bouin on ccll-stnicture, 9 

on functions of corpus luteuni, (>57 
Boundary zone of kidney, 591, 592 
Boveri on centriole, 29, 30 

on centrosomo in fertilisation, 53 
on chromosomes, 36 
on fertilisation of ovum, 53 
Bowen on development of epidermis, 450 
Bowman on arteriae rectae of kidney, 592 
capsule of, 4 
glands of, 289, 486 
on kidney glomeruli, 593 
membrane of, 131 
on Pacinian corpuscles, 271 
on sarcous elements, 177, 182 
on structure of muscle, 186 
Boycott on development of nerves, 244 
Boyd on mucous membrane of stomach, 
528 

Brain, 203, 299-320 

cercbel 1 u m , 305-306 
cerebral hemispheres, 312-318 
medulla oblongata, 299 301 
me rn branes, 3 1 8-320 
mid-, 307-31 1 
pons, 30 1 -305 

Branca on H))rous substance of hairs, 463 
on nails, 461 

Brandt on function of nucleus, 58 
Braueng on auriculo-venti’icular bumlhs 200 
Braun on regeneration of nerve, 250 
Braus on Cowper’s glands, 639, 641 
Briggs on aurioulo- ventricular bundle, 200 
Broad ligament of uterus, 664, 689 
Brodie on enumeration of blood- platelets. 
392 

on heat-rigor of musele, 189 
Broman on atypical spermatozoa, ()41 
Bronchi, 580 

Bronchia or Bronchial tubes or Bronchioles, 
580, 583 

terminal or lobular, 581 
termination of, in lung, 580, 581 
Bronchial arteries, 587 
lymphatics, 588 
veins, 587, 588 

Brooks on valvulyo conniventes, 537 
Brouha on ut(‘rus during menst ruation, 663 
Browicz on canaliculi in liver-cells, 26, 5<)8 
on crystals in liver-cells, 60 
Brown, A. P., on haunoglobin crystals, 371 
Brown, If. 11., on spermatogenesis, 620, 641 
Brown, B., on eell-nueleus, 8 
Brown, Sanger, on eyton, 209 
Brown, W. H., on implantation of parathyroid 
for tetany, 67() 

Brownian mo\ ement, 108 
Browning on foimation of lymphot*ytes, 389 
Brown-St'quard on removal of adrenals, 683 
Briicke on cell- membrane, 0, 28 

on muscle under polarised light, 185, 18(> 
on museular tissue of villi, 541 
oeeoid of, 372 

on structure of eiythroeyte, 369 
zooid of, 372 

V. Brunn on bladder and ureter, 609 

on endothelium of serous membranes, 85 
on formation of crusta i^etrosa, 511, 512 
on hairs, 464 
on nails, 460, 462 


V. Brunn on Nasmyth’s membrane, 511 
on skin, 445, 461, 465 
on spermatozoa, <141 
oil structure of hair-follicle, 468 
Brunner, glands of, 522, 531, 545, 547, 548 
Bryce on centrosomo of nucleated erythro- 
cytes, 372 

on development of blood- corpuscles, 378 
I of leucocytes, 391 

! on history of fertilisation of ovum, 53 

I on nucleoli, 37 

I on th^mius gland, 679 

I on Weismann’s theory, 10 

1 Buccal glaruls, 488 

I Buchan on accessory chromosome, 57 
; Buchner on chemotaxis, 70 
1 Buckcl on lymph- vessels of ovary, 657 
. Bu(;kmaster on blood-plat(4ets, 393 
, Budge on canaliculi in cartilage, 135 
I on development of lymph- vessels, 363 

Biihler on eentrosomc's of nerve-f ells, 21 I 
I on changes in (Jraafian follicles during 

! pregnancy, 657 

i Bujard on villi of small intestine, 538 

I Bulb of corpus spongiosum, 633 
i of hair, 474 

olfactory, 288, 316 
spinal, 299. 8ee Medulla oblongata 
of urethra, 633 
Bulhi vestibuli, 667 
Biilbo-eavcrnosus musele, 633 
! Bulbu-urethral glands, 638-639. See Cowper’s 
! glands 

I Bunge on iron in nu(4eo- proteins, 39 

I Bunting on lymph-glands, 399 
' Burdon-8an(lorson on pseudostomata, 417 
I Burian on eliemistry of nucleus, 38 
Bursie mucosce, 421 

i Busk on branching of musclc-librcs, 175 
: Biitschli on amoeboid movement, 76 
j on colloidal solutions, II, 13 

1 on foam- structure of protoplasm, 18 


(^\1)1AT on uretlira. 637, 642 

Ciecum, 523, 553, 556 

Cajal on blood -supply of adrenals, 684 

on canaliculi in cpithclium-cclls, 25, 433 
on cell- bridges, 96 
colls of, 312 

on ciliak'd c[)itbeliuin, 83 

on dendrites, 211 

on motor end -organs, 258, 259 

on nerve-endings in small intestine, 552 

on nerve-librils, 227 

during hibernation, 218 
on nerves of pancreas, 561 
on nervous syskm, 209 
on non-meflullated fibres around spinal 
ganglion-cells, 222 
on processes of ganglion-cells, 222 
on regeneration of nerves, 248, 251 
on secretory canaliculi in pancreas, 561 
on spinal ganglion-cells, 241 
on staining of neuro-fibrils, 217 
on structure of muscle, 188 
on sympathetic gangliori-cclls, 227 
on tcirmi nations of sympathetic nerves, 
227 

Calices of kidney, 590, 602 
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Callus, 170 

Calvert on blood-supplv of lymph-glands, 
401 

Camel, erythrocytes of, 367 
Carnmiti on lymphatics of prostate, 641 
Canal, alirncmtary, 522-556 
anal, 4, 07, 555 
[)ortal, 567 
of Wirsung, 557 

Canalicidi, bile, 429, 433, 563, 569 
of bone, 147 

of crusta petrosa, 500, 512 
intracellular, 25-27 
of cartilage-c(;lls, 27 
of columnar epithelium, 25, (>15 
of decidua, 25 
of leucocytes, 27 
of liver, 26, 568 
of nerve-cells, 25, 219 
se(‘retorv, 432, 433 

of Cowper’s glands, 638 
of glands of fundus of stomach, 33, 531 
of liver, 569. See above*, Canalieuli, 
bile 

of ])ancreas, 433, 5()0, 561 
of salivary glands, 433, 517 
(JaneellaU'd bone, 143 
Caneelli of boiu*, 144 
Canine teeth, 512 

Caf)illaries or (iapillary, 321, 343-346. See 
also Sinusoids 
(hnelopment. 314, 353 355 

in connective 1 issue, 354, 380, 381 
as outgrowths from existing vess(‘ls, 355 
in vaseidar arc'a of embivo, 352, 353, 
373-378 

iK'i'vc's of, 345-346 
size, 343 

struct uri', 344 -346 

adventitia ea])illaiis, 345 
endothelium -cells, 344 
pseudosti ) mata, 345 
stomata, 345 

*SVe (lUo under various tissues and 
organs 

( 'Upsule of cartilage-cells, 133 
of ganglion -cells, 221, 226 
of (Jlisson, 5()3, 565, 56(5, 567, 572 
internal, 316 
of kidney, 590, 689 
of liver, 5()3 
of lymph-glands, 397 

of Malpighian corpuscles in kidnev, 590, 
689 

of [irostate, (i40 
of sjileen, 405 

suprarenal. See Suprari'iial capsule 
Carlxui particles in lung, 588 
Cardia, glands of, 528 
Cardiac nuisele, 197 

oriliei' of stomach, 529, 53.5 
Carlier on columnar epithelium, 86 
on ellipsoids in sjileen, 409 
on epithelium of stomach, 528 
of trachea, 589 

on functions of nucleus, 58, 59 
on goblet-cells of stomach, 89 
on hibernating gland, 130 
on nucleoli of gland -cells, 37 
on nucleus of vsecrcting cells, 439 


: Carlier on reticulum of spleen, 414 

on secretion-granules in medulla of ad- 
renals, 686 

j on transformation of ciliated into stratified 
I epithelium, 83 

Carlson on conducting substance of nerve, 
' 235 

on leucocytes, 388 
on lymphocytes, 393, 394 
on parathyroid extirpation, 676 
Carlton on kidney, 594, 601 
j Carnoy on cell-structure, 9 
on karyokinesis, 41 
on muscle, 68, 180 

I on nuclear changes in ovum, 68 
I on variations in nuclei, 38 

j (Carotid gland, 668, 686, 687, 688 
I internal secretion of, 668 

' sinusoids of, 347, 688 

i Carjx'nter on develofiment of nerves, 244 
' Carstanjen on leucocytes, 388, 389 
Cartilage or Cartilag(*s, 4, 102, 103, 132-142, 
159 

articular, 132, 135, 421 
arytenoid, 119, 574, 575 
of bronchi, 580 
of bronchial tubes, 581, 582 
costal, 132, 135. 136 
cricoid, 574, 577, 578 
development of, 139-J42 
embryonic, or fcetal, or temporary, 132, 
423 

ensiform, 136 
of epiglottis, 136, 574 
of Kustachian tube, 132, 136 
of external ear, 132, I3(), 141 
fibro-, elastic, or yellow, 1 18, 132, 136, 141 
wdiile, 132, 137, 111 
of larynx. 132, 136, 574, 575 
of Lus(‘hka, 575 
of Merkel, 176 
of nose, 132, 136 
ossification in, 159 -168 
jiarenchy matous, 1 lO 
regeneration of, 141 
of Santorini, 574 
thyroid, 574 

of trachea, 140, 577, 578 
vessels and nerves of, 139 
of windpipe, 132, 136, 577, 578, 580 
of VVrisb(‘]g, 574 
( ^artilage-boiuis, 1 55 
Cartilage-cells, 131, 132, 133, 422, 423 
canalieuli in, 27 
capsule of, 133, 140 
division of, 140 
glycogen in, 134, 140 
Cartilage-marrow, 1 39 
Cartilage -matrix, 132, 133 
canalieuli in, 134, 135 
fibrils in, 134 

Ceccherelli on muscle-spindles, 281 

on nerve-endings in mucous membrane 
of mouth, 276 
Cell or (Vdls, 8-81 
division of, 39-57 
amitotic, 39, 40 
mitotic, 41-5<) 
reduction, 52 
granules of, 22-24 
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Cell or Cells, history of, 8, 9 
membrane of, 28, 32, 62 
metabolism of, 62, 71 
nucleus of, 8, 33-39 
structure of, 10-39 
Cell-bridges, or intercellular librils : 
in cardiac muscle, 198, 199, 200 
in endothelial cells, 84, 416 
in epithelium of ureter, 605 
in outer root-sheath of hair-follicle, 467 
in plain muscle, 195 
in stratified epithelium, 95, 446 
Cell -spaces, 102 

Cement or crusta petrosa, 494, 500, 511 
canaliculi, 500 
decussating fibres, 500 
development, 511, 512 
Haversian canals, 500 
lacuna?, 500, 512 
perforating fibres, 500 
Cement-substance of etdls, 5 
Central canal of spinal cord, 4, 91, 92, 203, 
299 

cells of gastric glands, 531 
particle. 8ce Centriolc' 
tendon of diaphragm, 115 
(^.entriole, 16, 29, 32, 90 
Ccntroacinar cells, 559 
Centrosome, 29, 30, 31, 32, 44, 53, 57 
of interstitial cells of testis, 624 
of nuclcat(Hl erythroeytes, 372 
of secretory cells, 435 
(^rcbellum, 294, 305, 306 
arbor vita?, 305 
basket- colls, 306 
cells of (Jolgi, 306 
cells of PurUinj(% 30() 
cortex, 305, 306 
granular layer, 306 
molecular layer, 306 
hemispheres, 305 
lamina*, 305 
neuroglia-e(‘lls, 208, 306 
nucleus dentatus, 305 
emboliforniis, 306 
globosus, 30() 
tecti, 306 

])cduncl('S, inferior, 301 
middk*, 302 
superior, 304, 306 
white centre, 305 
worm or x ermis, 300, 305, 306 
CVn'hral cortex and hemis]6ieres ; 
anterior commissure, 317 
areas, auditory, 315 
motor, 314 
olfactory, 315, 316 
visual, 315 

association-fibres, 317 
cells of Cajal, 312 
douhh'-brush, 312 
giant (of Betz), 9, 314 
granules, 315 
of Martinotii, 312 
polymorphous, 312 
pyramidal, 312 
commissu ral- fibres, 3 1 7 
corpus callosum, 317 
striatum, 316, 317 
dentate gyrus, 316 


I Cerebral cortex and hemispheres, hippocampal 
j gyrus, 316 

I hippocampal region, 315 

I hippocampus, 316 

I internal capsule, 316 

I line of Gennari. 315 

i lines of Baillarger, 315 

i olfactory bulb, 288, 316 

I projection-fibres, 316 

thalamus, 316, 317 
ventricles, 4, 91, 92, 203 
' Ceruminous glands, 479 
I (.\?rvix of uttuus, 96, 660, 662 
Cesar-Bianclii on cells of kidney- tubules, 
601 

Cliabry on development of teeth, 514 
; Chalice-cells. See Goblet-cells 
Chaput on intestinal villi, 539 
; Chemotaxis, 70 
' Chief cells of gastric glands, 531 

Chievitz on development of glands, 427 
on ossification of larynx, 577 
I on salivary glands, 520 

I Child on amitotic cell-division, 40 
j Cholest-crin, 11, 28 

in blood-platelets, 392 
i in erythrocytes, 369, 370 

i Cholin, 1 1 

I (4iondrin- balls of Morner, 133 
Chondroconta or Chondrosomes, 24, 560. See 
i Mitochondria 

(fiiondromitome, 24, 60. See Paranucleus 
Chorda tympani, 238, 283 
Chorda? temliiu'n?, 322, 323, 326 
(lioroid plexus, 300, 320, 425 
as secreting gland, 424 
processes of (‘ye, 98 
Chromaffin or (3iroma()hil cells : 
in paradidymis, 627 
in paraganglia, 683, 688, f)89 
in suijrarenal capsule, (>82 
Chroinaphil bodies of Swale Vincent, 687 
Chromaf in, 34, 41 
C/hromatolysis, 2 1 2 
Chromidia, 9 
Chromioles, 35 
('hromonuues, 35 
( duomoplasts, 3(), 54 
Chromosomes, 35, 41 
(4iyle, 39.3, 3f>4 
Ciaecio on (?ell lipoids, I I 
; on nervu'-endings in t(‘ndon, 277 

; on reticular tissues 125 

: (31ia, 71-81, 90 
: development, 73, 75 

1 movement, 71, 72, 73 

! theoric'S of movemcuit, 76-81 

i Ciliary region of eye, 4 
I Ciliated epithelium, 90-93 
i distribution of, 90 

in stomata of serous membranes (frog), 
358 

Circulus articuli vasculosus, 423 
Circumanal glands, 479 
Circumvallatc papilla*, 284, 490 
Cistt?rna? arachnoidales, 318 
Citelli on accessory [)ituitary glands, 695 
("ivcralli on accessory pituitary gland, 695 
Clark, E. 11., on development of lymph- vessels, 
364 
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Clark, J. Cm., on blood -vcsscIh of ovary, ()55, 
657 

on corpus luteum, 657 
Clarke’s ccdunin, 296 
Clarkson on h.ernal glands, 402 
Clasmocytes, 107 
in skin, 45*1 
('limbing fibres, 306 
(clitoris, 667 
Club-hairs, 464, 474 
Oagulating gland, 614 

( 'oagulation of colloids, 11, 12, 13, 16, 19, 20 
(’oakley on muscular fibres of (esophagus, 523 
('oceygeal gland, 347, 668, 686, 688, 689 
internal secretion of, 688 
Cochlea, 284, 285 

Cochlear division of eighth nerve, 288, 303 
('adiac plexus, 552 

Cohn on aurieulo-ventrioular bundle, 200 
on corpus luU'um, 657 
Cohnheim, J., areas of, 178 

on reg(‘neration of connective tissue, 
122 

staining method of, 180, 181 
Cohnludm, O., on cHdl-ehetnistry, 11 
on (duunistry of nucleus, 38 
(.'ohoe on salivary glands, 515 
('ollagen, 103, 143, 156 
('ollagenous librils, 104, 156 
(Collaterals, 210 

(Collecting tubules of kidney, 587, 501 
Colliculus bulbi, (>34 

(Colliculus seminalis or crista uretiuje, 635, 
640, ()4l 

(C'olloidal solutions, II, 12 
(Colloid-substancii : 

of pituitary, 602, 693, 694 
of thyroid, 669, 670 
Colloids in e(‘ll-proto[)lasni, 11-14 
(C’olon, 523, 553 
(Colostru rn-corpuseles, 482 
(Colson on suprarenal (.‘apsules, 683 
Column.'e rugarum, 665 
Columnar epithelium, 85-88 
si riatei^l border of, 86 
('olumns of Bertini, 590 
of enamel, 499 
of vagina, 665 
('ommissural fibres, 317 
('onipact bone, 143 

(Concentric corpuscles of Hassall, 676, 677, 678, 
679 

(Concrements in female urethra, 667 
in prostate, 641 

('onglobate glands. See Lymph-glands 
('oni vasculosi, 91, 612, 613, 615, 618 
bascunent-membrane, 618 
epithelium, (515 
('onical papilla?, 490, 491 
Connective tissue, 1, 4, 102-171 

development of blood-vessels in, 354 
formation of erythrocytes in, 380 
jelly-like. Sec Jelly-like connective 
tissue 

varieties, 102 

('onnectivc- tissue cells or corpuscles, 27, 106, 
158 

basiphil cells, 108 
clasmocytes, 107, 453 
lamellar cells, 106, 452 


Connective- tissue cells, plasma-cells, 108 
wander-cells, 108 
Contractility of protoplasm, 68 
influences aflecting, 69 
(^Convoluted tubules of kidney, 595, 596 
Cooper, Astley, on nerves of thymus, 681 
on tunica vasculosa testis, 612 
Cord, spinal. 8ee Spinal cord 
umbilical, 121 

(Corium of mucous membranes, 442 
of skin, 445, 452. See (Jut is vera 
(Jorriea, lamellar cells of, 107 
stratihed epithelium of, 96 
Comic ula laryngis, 136 
(Corpora cavernosa, 627, 629-033 
Corpoi-a (|uadrig(^mina, or anteiior and 
posterior tubercles, 292, 308, 310 
(Corpus albicans, 643 
callosum, 317 
llighmori, 612, 689 
lut(‘um, 642, 653 (555 
spongiosum, 627, 633, 634 
striatum, 316, 317 
sub-thalamicum of buys, 317 
urethne, (567 

(’orpuscle or (Corpuscles of blood. See Blood- 
corpuscles 
of bone, 147 
of connective tissue, 183 
of Colgi-Mazzoni, 265, 458 
of Crandry, 260, 271-272 
of Hassall, 676, 677, 678, 679 
of Herbst, 260, 271, 272-273 
of Key and Retzius, 273 
Malpighian, of kidney, 591, 593, 594, 596, 
599 

of spleen, 396, 407, 408, 412, 413 
of Meissner, 260 
of Bacilli, 153, 260, 266-271 
of Rufhni, 265, 458, 461 
ta<*tile. 260-262, 455, 458, 461 
Cortex eerebelli, 305. Sec Cerebellum 
cuuebri, 312. See (Jerebral (Jortex 
of kidney, 590, 601 
of lymph-glands, 397, 398, 399 
of suprarenal capsule, 684 
of thymus-lobules, 676 
Corti, organ of, 287 
rods of, 287 

(Cortical substance of hair, 463 
Da Costa on secretory granules in cortical 
(•ells of adrenals, 683 
Costal cartilage, 132, 135, 136 
Councilman on lymphatics of trachea and 
lungs, 589 

(-Covvper’s glands, 4, 425, 638-639, 666 
(Jremaster muscles 611 
Crescents of Cianuz/i, 433, 515. 517 
Ocsci on vessels of kidney-glomerulus, 601 
Cretinism, 671 

Creutzfeld on lymphatics of pituitary, 696 
Crico-thyroid ligaments, 114 
(Cricoid cartilage, 574, 577, 578 
(Crista urethra?, 4, 635 
Crossed pyramid tract, 296, 300 
Cross- striated muscle, 172. See Muscle, 
cross- striated 

(Jrowe on function of pituitary, 695 
Crusta of mid- brain, 308, 316. Syn. Pcs 
pedunculi 
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Crusta ix*trosa, 495. See Cement 
Cruveilhier on Pacinian corpuscles, 206 
Crypts of Lieberkiihn, 425 
in large intestine, 555 
in small intestine, 5119, 545-547, 550 
in stomach, 533 
Crystalline lens, 4 
Crystalloids, 11 
Crystals in cells, 27 

in cells of Sertoli, 025 
in interstitial cells of testes, 025 
in liver-cells, 00, 5(i8 
in semen, 025, 020 
in spermatogcnic cells, 025 
Cuccati on nerves of bladder and ureters, 
009 

Cunningham on muscle of oesophagus, 523 
Cupula, 285 

Curran on auriculo- ventricular bundle, 200 
Cushing on function of pituitary, 093, 094, 
095, 090 

Cusps of teeth, 492 
Cuticle, enamel, .500, 511 
of hair, 403 
of rof)t-shoatli, 407 
of skin, 445. See Epidermis 
Cutis vera, 445, 452-458 
l)lood-vess(;ls, 450 
lymphatics, 45(5 
nerves, 458 
papilla*, 4.54 
papillary, 45.3 
I’eticular, 453 
ridges, 4.54 
structure, 452 
superlieial markings, 453 
Cuvier, duet of, 302 

Cylinder-epithelium, 85. See Columnar epi- 
thelium 

Cystic duet, .571, 572 
( \vt( ) - m i c roso m es , 24 
Cytomitome, 18, 72, 87, 107 
Cyton, 209 
Cytoplasm, 10 

(-zermach on lymph-nodules of small in- 
testine, 552 

(Jzerny on organ of (firaldes, 041 


Dalh on islets of Langci’hans, 501, 502 

on physical theories of eell-functionl^, 81 
Dandy on blood-supply of pituitary, 090 
on parahypophysis, 095 
Dantsehakolf on development of Irone, 104 
of blood-corpuscles in reptiles, 378 
of vessels and blood-eorpuscles in cbiok, 
370, 377, 378 

Dartos muscle of penis, 028 
of scrotum, 453, 019, 025 
Daughter-nuclei, 44, 45 
David on shape of erythrocytes, 307 
Davis on eorpuscles of lymph, 393, 391 
on leucocytes, 388 
Decidua-cells, canaliculi in, 25 
Decussating tibres of bone, 149 
in erusta petrosa, .500 
Deetjen on blood-platelets, 391, 392, 393 
Degeneration of nerves, 245, See Wallerian 
degeneration. 
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I Dehler on centrosomos of nerve-cells, 211 
I on erythrocytes of bird, 372 
1 Deiters, cells of, 287 
law of, 209 

on origin of nerve-fibres, 209 
Dekhuyzen on thrombocytes, 391, 392 
Demoor on nerves of heart, 201 
Dendrite^ or Dendron, 210 
Dental furrow, 503 

germ, common, .502 
special, 503, .500 
lamina, 502 
primitive, 501 
papilla, 503, .507, 509 
periosteum, 492, .500, 511 
I^ulp, 493, .508 
sac, 508, 512 
Dentate gyrus, 310 

Dentine, 4, 100, 158, 494, 495 499, 508-.509 
chemical composition, 495 
development, .508-509 
(ibr'es of Tomes. 509 
librils. 498 
granular layer, 499 
incremental linos, 498 
interglobular spaces, 499, 509 
intertubular substance or matrix, 498- 
499 

V. Korff’s fibrils, ,508 
lamirue, 498 

membrana prefonnativa, .508 
nerve- fibres, 494 
odontoblasts, 508, 509 
primary curvatures, 490 
processes of odontoblasts, 493 
prodentine, 493, 508 
Echreger’s lines, 497 
seco n d ary , ,500-50 1 
osteodentine, 500 
dentine of repair*, 500 
secondary curvaturr's, 497 
sheath of Neumann, 498 
tubules, 495-498 

Denys on blood-vessels of marrow, 154 

on destruf't imi of blood-(;()r’pusclea in 
sph'en, 414 

on er’ythi'o blasts of birds, 385 
Derma, 452. .See Cutis vera 
Dermic coat of hair*, 400 
Deseemet’s membrane, 131 
canaliculi in cells of, 25 
Determinants of Weismann, 50 
Detrusor ur ime, 007 
Deuteroplasm, 10, 27 

Deutscli on apertures in bone-lamellae, 148 
Development of tin* tissues, 3. See also the 
various tissues and organs 
Dewar on action of low temperatures on proto- 
plasm, 09 

Dewitt. Sec de Witt 
Diads, 54, 50 

Diarnaro on islets of Langerhans, 502 
Diapedosis, 04 

Diaphragm, central tendon of, 115 
Diaphysis, 108 
Di aster, 44 

Dickson on cells in bone-marrow, 384 
on reduction of chromosomes, 50 
Dilatator pupil la?, 4 
Dion on larynx, 577 
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Diploe, 144, 154 
Diplosomo, 50 

Din^ct pyramid' tract, 2y(), 300 
Directive corpuscles, 5J. See Polar globules 
Disassimilation, 71 
Disc of llcnsen, 170, 182 
Discs, a('c('ssory, of muscle-libres, 183 
Discus proligcrus, 045, 052 
Disdiaclasts, ISO 

Disse on bladder and ureters, (>07 
on blood-vessels of stomach, 535 
on ground-substance of bone, 158 
on ki<lney, 000, 002 
on lymphatics of stomach, 535 
on pelvis of kidney, 002, 003 
on suprarenal capsules, 083 
Dissc'lhorst on structure of under, 001) 
Division-plane of dividing vegetable-cells, 40 
-s})indle, 44, 53 

Dixey on devrdopment of tci rninnl phalanges, 
108 

Dmitrewsky on nerve-endings in mammary 
gland, 484 

Dobell on chromidia, 1) 

Dobie, line of, 170 
Dobrowolski on oesophagus, 524 
Dogiel on afferent nerves of h(‘art, 201 
on end- bulbs in pcu’itonmim, 203 
in skin, 202 

on opitlu'lium of under and bladder, 000 
on ganglia in heart, 328 
on (lolgi-Maz/oni coi jiuscles, 200 
on (Jrandry corpuscles, 272 
on Herbst {U)rpusch‘s, 271 
on multipolar' cells at terminations of 
sympathetic nerves, 227 
on muside-spindh's, 270, 281 
on nerv(5-endings in lacrymal glands, 250 
in nails, 401 

in suprarenal capsules, (>83 
on nerve- fibres of heart, 320, 328 
on nerves to lymphatics, 350 
on organs of ( Jolgi, 270 
on Pacinian corpuscles, 270 
on secretory eanaliculi in pancreas, 501 
on semsory end-plates in blood-vessels, 
35 1 

on spinal ganglion-cells, 241 
on staining of inbu'cellular substance, 0 
on stomata, 417 

on sympathetic ganglion-cells, 227 
Dollay on fatigue of nerve-cells, 212 
Donaggio on staining of neui'o-tibrils, 217 
Donaldson on cells ()f spinal ganglia, 241 

on (piantitativc; relation of axon to 
myelin sheath, 231, 240 
Dorsal longitudinal bundle, 300, 300 
nucleus of eighth nerve, 303 
Dostoiewsky on suprarenal capsules, 083 
Double-brush cells, 312 
Doycre on motor end-organs, 258 
Drasch on capillaries of glomeruli, 593 
on epithelium of trachea, 580 
on multipolar cells at termination of 
sympathetic nerves, 227 
Drosdoff on thickness of epidermis, 445 
J)uct or DiKds : 

accessory pancreatic, 557 
of Bartholin, 518 
of Bellini, 590, 597, 598, 000 


Duct or Ducts, bile, 571, 572 
common bile, 571, 572 
of (hivier, 302 
cystic, 571, 572 
of (lartner, 058 
hepatic, 571, 572 
intercalary or j\inctional, 550 
Miillerian, 020, 058 
nasal, 441 
pancreatic, 557 
right lymphatic, 350 
of Bivinus, 518 
salivary, 510, 517 
of Santorini, 557 
of Stensen, 510 
of sweat-glands, 440, 477 
thoracic, 350, 358, 551 
of Wharton, 517 
of Wirsung, 557 
IV'oJflian, 020 
J)uctless glands, 4, 008 

Duesberg on development of striated tmiscle, 
103 

on formation of germ-cells, 55 
on mitochondria, 24 
on number of chromosomes, 11 
Duhamtd on growth of bone, 108 
Dujardin on saicodc, 8 
Duodenum, 530, 547 

Dura mater, 100, 111. 115, 207. 318, 080 
Duval on amoeboid movement of dendrites, 
21 I 

Dybkowsky on lymph- vessels of pleura, 580 
on stomata, 417 
iti pleura, 589 


EATUJi: on islets of Langerhans, 502 
Ebcrth on carotid and cocc-ygeal glands, 
080 

on interstitial cells of testis, 024 
on male geiKU'ative organs, 041 
on mi<ldle coat of V(‘ins, 338 
on seminiferous tubules, 010 
on umbilical arteries, 330 
V. Kbmu- on basement- membraiu's, 431 
on bon(‘-structure, 153 
on cardiac; muscle, 108, 202 
on enamel, 400 
on endocardium, 323 
on libres in bone, 140, 157 
in dentine, 408, 508 
cm hair-follicles, 408 
on male generative; organs, 041 
on spermatogenesis, 041 
on spleen, 414 
on stomach, 535 
on white thrombus, 392 
Ectoderm, 3, 4, 203 
Ectoplasm, 15 

Edelmann on glands of cardia, 535 
Edgeworth on size of nerve- fibres, 232 
Edinger on lymphatics of pituitary, 090 
Edmunds on parathyroids, 075 

on pathology of thyroid glands, 071 
on regeneration of nerves, 251 
Egdahlon cartilage-plates of bronchial tubes, 
589 

Eggeling on transitional epithelium, 98 
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Egg- tubes, 429, ()44 

Egli on glaiuls of pelvis of bladder, bOO 
Ehrlieh on eells of eonneetive tissue, 10(5 

on intra-vitain staining of neuro-tibrils, 
217 

on leucoeytes, 388, 389, 391 
on staining of cell-granules, 23 
Ehrmann on pigment-cells in skin, 453 
Eichler on larynx of domestic animals, 577 
Eighth nerve, 288, 303 

cochlear division of, 288, 303 
vestibular division of, 288, 303 
Eimer on nerve-endings in snout of mole, 270, 
457 

Einthoven on auriculo -ventriculai’ bundle, 

200 

Eisen on blood-plat(4ets, 392 
on (4iromioles, 35 
Eisenlohr on ganglia in heart , 327 
Ejaculatory duct, 014, 015 
Elacin, 330, 341 
Elastic (‘artilag(‘, I3()-I37 

develoy>ment of, 110-120, 141 
fibres, 104-100, 153 

site's of occurrence', I 14 
staining reactions of, 105 
tissue, 4, 102, 103, 11.3-115, 110, 151 
vessels anel nerves of, 1 10 
Elastin, 105, .341, .348 

conversion into elacin, 330 
Plleidiil, 94, 447, 448, 449, 450, 472, 470 
Elementary organisms of Altmann, 10 
Eleventh nerve, origin of, 300 
Eliasbe'rg on formation of ble.rod-ceupuscles 
in spleen, 414 

Ellenbergeu- erii glands of eairdia, 530 
Ellermann ern numlrcr erf leucocytes, .387 
Elliott on suprai'enal capsule, (>83 
Ellipsoiels of splea'ii, 408 

Ellison srdjmucons muserdar laye'i' of blaeleler, 

007 

Ellison ern cemnectivc tissue' in neive', 240 
Emhelton on nucleoli in e-ells e>f Hvdia, 
37 

Enamel, 4, 98, 99, 494, 499 .-iOO 

(;ells, 507, 509, 510. See Ame'lerblasts 
chemical compositie^rn erf, 499 
columns or prisms, 499 
e uticle, .500, 511 
elroplets, 510 
epithelium, outer, 507 
fVrrmation of, 509-,511 
germ, common, 501 
organ, 100, 124, 507, 508, 510 
pulp, 507, 510 
EneOiylema, 18 

End-bulbs, 210, 200, 2()2 -205, 419, 4.">8, 4(il, 
488, 491, 577, 041 
articular, 203, 204, 42,3 
genital, 204, 035, 007 
End-ejrgans of ne‘rve*s, 203, 253-293 
End- piece erf spermatozeron, 02,3 
End-plates, senserry, in bleroel- vessels, 351 
Enelejcardium, 321, 322, 324, 325, 320 
p]ndochondral bone, 105, 170 
Endergenerus fibres, 297 
Endermy si u m, 1 7 3 
Endoncurium, 239, 244 
Endoplasm, 15, 118 
Endosteum, 153 


Endothelium, 4, 82, 107 
of arteries, 331, 333 
of capillaries, 344, 345 
of eneloearelium, 332 
of lymphatics, 358, 302 
of serer.us membranes, 410 
erf valves of lympluitie's, .300 
of ve'ins. 340 
of veins, 338, 340 

Engel on develerpment erf blererel-ce^rpuscles, 
378 

on secretion-granules in I'ai athyrerid cells, 
074 

Engelmann, inertagmata erf, 10 

ern ehemertactic inlluence erf e'rxygen, 70 
ern eiliateel ce'lls, 72. 91 
ern muscle fum tiern, 189 
ern muscle* uiiel(*r perlai’ise'el light, 185 
ern structures erf muscle, 187 
Ensiferrm cartilage, 1.30 
Enterderm, 3, 4 
Enzymes. 1 1 
Eersimrphil granules, 23 
Ependyma, 30.3 
Epicardium, .321, .320 
Epidermic^ cejat erf hair-ferllie'lc, 400 
Epieh'rmis, {)lr, 444 4.32 
elevelerpment, 4,"r0 
growth, 451 
j-egene*ratiern, 452 
structure, 410 
Epielidymis, 93, 01.3, 058 
a]rpenelix erf, (>20 
canaliculi in e*ells erf, 015 
ciliated cells in, 01,5 
filame'ntary e'erlumnar cells of, 015 
tube erf. 015, OK) 

Epiglerttie* glanel, 57(r 
Epiglottis, 130, 284, .570 
cartilage* erf, 130, 574 
glanels erf, 570 
nerves erf, 577 
taste'-buels in, 490 
Epimysiuin, 173 
Ejrine'urium, 240, 244 
Epiphyse^s, 1.59, J07, lOS 
E]rithelial tissue*. 1, 82 

s[)(‘cial merdifie-at ierns erf, 98-101 
Eiritlie-liuin, 4, 82-98 

e iliateel, 82, 88, 90 93, 203, 485 
liirrils in ejclls erf, 10 
site's of er(*e eirre*ne*e', 91 
e'erlumnar, 82, 85-88 

canaliculi in ce'lls erf, 2.5 
ccntriole in e'clls erf, 31 
tihrils in ce'lls of. Hr 
cuhie-al, 82, 87 
e-ylineie*!', 8.5 
glanelular, 82, 88-90 
liirrils in cells ef, 10 
granules in e*clls of, 22, 434-439 
erltWterry. 4, 288, 289, 485 
pavement, 82, 83-85 
protx'e;tive', 93 
sense rry, 83, 287 
stratitie-d, 82, 93-97 
ee'll-brielge's in, 95 
sites of oeeurrene'e', 90 
transitional, 93, 97-98, 004, 007 
amitotic e^ell-elivision in, 40 
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Epitrichial layer or Epitrichium, 449, 450, 
458 

Eponychium, 461 

Epoophoron or Parovarium, 657-658 
Equatorial arrangement of chromosomes, 44 
I>lates of dividing vegetable colls, 46, 
446 

Erdheim on jiarathyroids imbedded in thymus, 
67 6 

on pituitary, 692 
Erectile tissue, 350 
Ergastoplasm, 60 

Erlandsen on niimlKO’ of bmeocytes, 387 
Erlanger, J., on aurieido- ventricular bundle, 
200 

on regeneration of nei v(\s, 250 
V. Erlanger, P., on formation of division- 
spindle, 44 

Erythroblasts, 44, 154, 375, 379 
dehnitive, 377 

primitive, 373, 374, 375, 377, 379 
in spleen, 407 
in thymus, 679 

Ervthrocvtes or Ked blood-corpuscles, 11, 
366-38f) 

action of reagents on, 369, 370, 371, 372 

of camel, 367 

(.'olour of, 368 

crenation of, 368, 370 

eup-shaj)ed, 366, 368 

development of, 373 

in bone-mariow, 382-385 
in connective tissue, 380 
in liver, 379-380 

in mesoderm of embryo, 373 -379 
in spleen, 380 
hiking of, 369, 370 
moi’phology of, .385 
number of, 363, 365 
in jKunieious anaunia, 367 
rouleau-formation of, 368 
shape and size, 366, 367 
structui’e, 369 372 

in hnver vi'rtehrata, 372 
in matnmals, .369 
surface membrane of, I I 
Eustachian tube, 4, 91, 92, 132, 520 
Evans on blood-vessels of lymphatics, 358 
Evatt on development of ])a|)illarv ridges 
of skin, 454 

Exium' on lymph- vt’ssels of ovary, (i.')7 
on nerves of larynx, 377 
Exogenous fibres, 297 
Exoplasm, 118 
External ear, 132 
Externally secreting glands: 

ai’rangement of blood-vessels, lymphatics 
and connective tissue, 343, 344, 4.30 
bas(unent- nuunbraiies, 43 1 
changes during secretion, 4.35 -4.39 
compound, 426-429 

aeino-tubular or tubulo-racomose, 427, 
429, 435 

acinous or racemose, 427, 428, 435^ 
compound tubular, 427 
ducts, 424, 428 
lobules, 4.30 
lymphatics, 357 

modifications in foiiu of secreting surface, 
425-430 


Externally secreting glands : 
muscular tissue, 433 
nerves, 432 

nucleus and secretion-products, 439 
paranucleus, 440 
.secreting cells, 434 
secretory canaliouli, 433 
granules, 435 
simple, 426 
.saccular, 426 
tubular, 426 
sites of occuiTcnee, 425 
Eyelid, 4, 97, 126, 475 
third, 96 


Eatiai. nerve, 238, 432. See Seventh nerve 
Eahr on aurieulo-vontriculai’ bundle, 200 
Falck on (4iaract(u- of hairs, 463 
Fallopian tube, 4, 72, 642, 658-660 
ea])illaries of, 345 
as duct of ovary, 429, 658 
fimbriie of, 658, 659 
mucous m(‘mbraiio of, 91, 441 
ve.sscls and nerves of, 660 
Fallopius, aqueduct of, 238 
Falx cerobelli, 318 
cerebri, 318 

Eananas on centrosomes, 30 
on sweat-glands, 478 

Fangs of teeth, 492, 495, 496, 497, 500, 511 
Farmer on reduction of chromosomes in 
Hcpaticie, 56 
Fasche, 1 09, 1 1 1 

Fat, 23, 27, 126. See Adi])ose tissue 
Fat-absor[)tion, 131, 541-545 
Fat- bodies, gland-like, 131 
Fat-gland, 130 
Eat-organ, primitive, 130 
Fauces, 487 

Favaro on lymph-vessels, 364 
Felieine on cbang(‘s in (Jraafian follicle during 
j>rcgnancy, 657 

on suprarenal capsule, 683, 684 
I'elix on ejaculatory ducts, 641 

on muscles of ejaculatory duct, 615 
Fcllner on cluingi'S in (Iraalian follicle during 
pi’cgnancy, 657 
Female pronucleus, 52, 57 
FenestratcHl membrane of Henle, 1 1 5, 332 
l^'enwick on venous plexuses of bladder, 609 
Ferguson on blood-vesscds of adrenals, (>84 
Ferments, 1 1 
Ferrata on nucleoli, 37 
Fibre or Fibres : 

arcuate. 299, 301 
axial, 79 

decussating of Sliarpcv, 149, 159 
elastic, 104, 105 
mcdiillated iktvi'-, 229 
of Muller, 208, 292 
of muscle, 174, 175 
of neuroglia, 207 
non-medullated nerve-, 229 
perforating of Sharpey, 150, 151 
of Fiirkinje, 199, 200, 322 
of Roncoroni, 211 
of Tomes, 493, 509 
white connectivc-tissne, 104 
Fibre-cells, contractile, 194 
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Fibrillar cells, 207 

of maculae and eristic, 285 
Fibrils, in cell-protoplasm, 15 
in ciliated cells, 72 
collagenous, 104 
in lamellar cells, 107 
of muscle, 176, 186 
in norvo-cclls, 216, 217, 218 
-fibres, 232 

in tail of spermatozoon, 72, 623 
Fibro- cartilage or -cartilages : 
intervertebral, 1 38 
marginal, 138 
sesamoid, 138 
symphysial, 138 
vaginal, 138 
white, 137 
yellow, 136 

Fibro-elastic mantle-zone of Herzog, 342 
Fibrous membranes, 109 
substance of hair, 463 
tissue, 4, 102, 103, 104, 109-113 
Fiek, A., on Kngelmanii's theory of muscle- 
eon traction, 1 89 

Kick, R., on formation of germ-cells, 55 
on Uaryokinesis, 56 

l^''iessingcr on digestive ferments in leuco- 
cytes, 390 

Fifth nerve, 300, 432 

descemling root of, 300, 303 
motor nucleus, 302 

accessor V, 221, 302 
root of, 302 
sensory nucleus of, 302 
root of, 302 

Filament, axial, of spermatozoa, 31 
eentriole-, 32 
in goblet- cells, 31 
Filiform papilhe, 491 
pseudopodia, 64, 73 
h'imbriie, 658, 659 
Fischel on cell-granules, 22 
Fischer, A., on colloidal solutions, II 
Fischer-, G., on absorption of fangs of milk- 
teeth, 5 1 3 

Fischer, 3., on size of autonomic fibres, 232 
Fischer, M. II., on fertilisation of ovum, 57 
on radiating structure of asti’osplren-, 20 
Fixed cells, 20 

wander-cells, 207 
Fixing agents, 12, 15, 19 
Flack on aurieulo-vimtricular bundle, 200 
Flagella, 72, 76, 78 
Fiechsig, tract of, 296 

Fleischer on secrctioiT-granul(?s of laciymal 
gland, 439 

Flemming on cartilage-cells, 133 
on cell-division, 40, 41 
on cell-structure, 9 
on chromoplasts, 36 
on deposition of fat, 129 
on development of blood-vessels, 355 
of connective-tissue fibres, 117, 118 
on germ-centres, 399. 8cc Germ -centre 
on granules in cells, 22 
on intercellular substance, 7 
on karyokiiiesis, 41 
on Meibomian glands, 427 
Flemming on number of chromosomes in cells, 
41 


Flemming on stainablp particles in lympho- 
cytes, 402 

on stratum germinativum, 451 
Flesch on oesophagus, 524 
Flint on basement-membranes of glands, 431 
on blood-supply of glands, 430 
on development of lungs, 589 
of lymphatics, 363 

on framework of suprarenal capsule, 683 
on retiimlar tissue of thyroid, 668 
Flogel on muscle-structure, 187 
Flourens on growth of bone, 169 
Foam-structure of protoplasm, 19 
Foetal cartilage, 132 

cortex of suprarenal, 684 
lanugo, 474 

Fontana on cell -nude us, 8 
Fore-skin, 627. See Prepuce 
Format io reticularis, 229, 300, 302, 308 
J5:)rster on nuclei of plain and of cardiai- muscle, 
194 

Forsyth on parathyroids, 674 

on secretion-granules in parathyroids, 674 
Fossie, nasal, 4 
Foster on “ synapse,” 216 
Fourth nerves, 302 

nuclei of origin, 305, 308, 309 
ventricK*, 300, 315 
k'ovaro on structure of pleura, 589 
IA)vea centralis, 293 
Fov'cola of kidney- papilla, 590 
Foveohe of Howship, 152, 169 
Fox on development of carotid gland, 688 
Fraenkel on corpus luteum in ])regnancv, 657 
on interstitial cells of ovary, 657 
on vocal cords, 577 
Francko on regeneration of nerve, 251 
Franke on large intestine, 556 
Fraser, A. H. and F. H., on intra<‘(dlular 
canaliculi in frog’s liver, 569 
Frcdericq on invertebrate thrombocytes, 392 
4’ree cells, 20 

Frengel on ciliated cells, 72 
Frey on lacteals of vdlli, 540 
lymphaGcs of thyroid, 672 
Friedlilnder on spongy bone, 144 
Friedmann on interstitial cells of testis, 641 
Fried l ieh on laiynx, 577 

Friedsohn on leucocytes of frog’s blood, 390 
Fritz on Descemet’a nuunbrane, 131 
Frommann on neuro-6l)rils, 235 

on reticular structure of protoplasm, IS 
striie of, 230 

on striations in nerve, 189, 230 
Fuchs on centrosomes of nerve-cells, 211 

on d(;veloi)ment of blood-corpuscles, 382 
on c[)ididymis, 641 
on opitheliura of epididymis, 93 
on vasoformativ(i ccdls, 355 
Fuchs- Holfring on glands of larynx, 577 
Fundus of gland, 426 
of stomach, 522, 531 
of uterus, 660 

Fundus-glands of stomach, 531, 532 
Fungiform papilla}, 490, 491 
Funiculi of nerve, 238 
Fiirbringer on secretion of prostate, 641 
Fusari on nerve-endings in suprarenal ca[)sule, 
638 

on nerves of spl(;eii, 414 
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Oad on thc'ory of muscle-contraction, 189 
Gage on epithelium of uterus, 92 
Galen on arteries, .‘128 
Galoot ti on cells of thyroid vcsich's, (>70 
Gall-l)lad(ler, 4, .571, .572, .579 

mucous membrane of, 444, .579 
Gallon on linger-prints, 454 
Galvanotaxis, 70 
( bin glia or Ganglion: 

of autonomic; system, 240 
(cardiac, 201, 925, 927 928 
cerebral, 240 
cerebro-spircal, 221, 240 
of th(' cochlea, 241, 287 
Gasserian, 221 
inferior cervical, 201 
mes(‘nt('ric, t)09 
otic, 4.‘}2 

in pelvic })lexus, 609 
of Scar])a, 241. 285 
spinal, 212, 222, 240, 927 
in stomach, 595 
strnct ure of, 229, 240 241 
superior mes(‘nt(‘ri(*, 552 
symjjath(!tie, 209, 222, 6)09 
thoracic sympatlndic, 950 
of truidv of vagus, 212, 221 
Ganglial (‘d cord of sympathetic. See Sym- 
patlu'tic 

Gangliated ])h^\us, 227 

myenti'ricns of Aueil)ach, 227, 552 
in submucosa of bladder, 609 
submucosio of Meissner, 227, 552 
Ganglion. cells : 

axons of, 222, 229, 226, 227 
bipolar, 222, 229 
(ainaliculi in, 27 
ca|)sui(‘ of, 221, 226 
c(‘i('bro-sj)inal, 221, 240 
in heart, 927, 928 
multipolar, 22(5 

Jiucleated membranous sheath of, 226) 
of I'ctina, 229, 291 
short processes of, 222, 22<) 
synijjathet ic, 226, 240 
in h(‘art, 926 
unipolar, 219 

Ganglionic lay(‘r of redina, 229, 291 
Gan/er on development of enanu-l, .511 
Gardiner, 41. .1., on e[)iti ichium in bird-embrvo, 
450 

Gardiner, W’., on cell-nuunbranes, 28 
Gamier on ergastophism, 60 
on ])aranucleus, 440 
Garten on c(‘ll-bridg('s, t)() 

on columnar ej)ithelium, 8() 

Gilrtiier, duct of, t)58 
Gaskell on nerves of bladdei’, 609 
on size of lu i ve-libres, 292 
tbisst rian ganglion, 221 
Gaul(‘ on paranucleus, 440 

V. Gawionsky on nerves of Kallojiian tidjes, ()60 
Geberg on ee l 1-division, 46 

on corpuscles of Grandry, 272 
on multiple division of nucleus, 44 
Geddes on invertebrate thrombocytes, .992 
Geg(‘nl)aur on ground-substance of bone, 158 
on osteoljlasts, 158 

van (hdiuchtcm on axon-reaction, 212 
on cidls of vagus ganglion, 212 


van Gehuchten on nerves of hairs, 471 
on structure’! of muscle, 188 
Gel-phase of colloids, 12 
of haemoglobin, 979 
Gelatine, 10.9, 104, 129, 194, 549 
Clelatinous substance of Rolando, 296 
Gemelli on pituitary body, t)92 
Gemmill on development of connective- tissue 
fibres, 117 
on tendon, 1 19 

Generative cells, division of, .51 5() 
organs, 696 

Genital end- bulbs, 264 

Gent('\s on structuri* of pituitary body, 694 
Geotaxis, 71 

(ferard on blood-vessels of kidm\y, 592, 601 
Gerassimow on chromosomes, 96 
Gerhach on development of (‘last ic cartilage*, 14 1 
effer(‘nt nerve-i'iidings in h(‘art, 927 
(b‘rm-centr(‘s of Flemming, 125, 999 
absent in thymus, 677 
in cortical nodules of lymph-glands, 999 
in Malpighian corpuscles of spleen, 408 
in tonsils, 521 
Germ- nucleus, 52 

(Jerminal epithelium of ovary, t)44 
selection, 10 
spot, 51, t)49 
vesicl(‘, 51, ()48 

Gerota on lymphat ics of bladder and ureter, 609 
(Jetzowa on ])arathyroids, (>74 
Giacomini on musch'-spindles, 281 
Giant-cells in ha'inal iyni[)h-glands, 409 
in liver, 980 
in lymph-glands, .999 
of marrow, 40, 41, 169, 989 
of motor CO i t ex, 914 
in s[)l('en, 98<l, 407 
Gianuzzi, oescents of, 517 
Gibbes on luemal glands, 402 
Chbsoii on aurieulo-ventricular bundle, 200 
(ililson on functions of nu(*leus, 58 
tliovannini on hair-pa])ill;e, 468 

on reg(*neration of hairs, 474, 475 
(Jirakh's, organ of, 627, 641, 658 
Gland or tl lands: 

aci no -tubular, 427 
acinous, 428, 429 

agminated, 449, 548. See; Peyer’s patches 

of Bartholin, 425, 666 

of bile-ducts, 572, 589 

of Plandin, 489 

blood-, 4 

of Bowman, 486 

of Brunner, 142, 522 

buccal, 488 

of cardia, 528, 52!t 

(•arotid, 686, 687 

ceruminous, 425, 479 

circumanal, 479 

cocc.ygeal, 686, 68vS 

compound, 686 

conglobate, 997 

of Cow])er, 425, 698, 699, 66() 

cutaneous, 97, 445 

eytogenic, 424 

ductless, 4, 424 

of V. Ebner, 429 

epiglottic, 576 

externally secreting, 424 440 
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Gland or Glands, of fundus, 430, 528, 531 
gastric, 89, 435, 528 
generative, 424 
Harderian, 439 
infraorbital of rabbit, 515 
internally secreting, 424 
labial, 488 

laerymal, 425, 429, 435, 430, 439 
of Lieborkuhn, 444, 533, 540 
of Littre, 037 

lymph-. See Lymph-glands 
mammary, 4, 425, 479-484 
Meibomian, 425, 420, 470 
molar, 488 
of Moll, 479 

mucilaginous of Havers, 420 

mucous, 88,5.15 

of mucous membranes, 444 

orbital, 515 

parathyroid, 072 

parotid, 515 

pineal, 4 

pituitary, 089 

])oison, 439 

])rostato, 039 

of ])yloric canal, 530, 531 

ra(‘emuse, 427, 428, 435, 444 

retrolingual, 518 

saccular, 420 

salivary, 515 

sebaceous, 475 

secreting, 230 

serous, 515 

solitary, 443, 547, 548, 550 

sublingual, 515, 518 

submaxillary, 515, 510 

sudoiilerous or sweat, 4, 425, 420, 477. 479 

suprarenal, 4, (i8 1 

thymus, 070 

thyroid, 008 

tul)ular, 420, 414 

tubulo-rae(‘mose, 427 429, 135, 515, 572, 
573 

of Tyson, (528 
Gland-ceils, 88, 89 

of caterpillars, 58 

changes with secietion, 431 -439 

librils in, 10 

function of nucleus in, 59 
granules in, 22, 434-439 
nuclear chang(‘s in, 59 
iiu(4(h)1us of, 37 

Glandula sublingtialis monostomatica, 518 
sublingualis ])olystonuitica, 518 
( Jlanduhe odorifera*, 028 

vc'stibularcs minores, (5(57 
Gians clitoridis, 007 
])enis, (527, (>28 

Glascrfeld on parat liyroid extirf)ation, (57(5 
(Hey on parathyroid, (574 
Glia-cells, 203. S(m> Ni'uroglia 
Glisson, capsule of, 5(53, 505, 500, 5(57, 572 
Glomerulus of kidney, 329, 592, 593, 595, 598 
Gloss()-pharyng('al nerve, 300, 301 
motor nucleus of, 300 
s(‘nsory nucleus of, 301 
Glottis, 91, 574 
G lycogeu -granules, 27 

in cartilage-cells, 134, 140 
in liver-cells, 570 


Goblet-cells or Chalice-cells, 88, 92, 442, 573 
centriole in, 31 
in crypts of Lieberkuhn, 547 
in mucous membranes, 442 
s(‘cretory changes in, 437-439 
in urethra, (537 

Godlewski on cardiac muscle, 198 
Go('tseh on blood-supply of jutuitary, 090 
on ])ara-hy})ophysis, (595 
on physiology of ])ituitary body, (393, 094, 
09(5 

Goldfinger on development of lymph-sacs, 3(53 
Goldmanti on nerve-granules, 22 
Goldschmidt on formation of germ-cells, 55 
Golgi on canaliculi in nerve-cells, 25 
on dendrons, 210 
on nerve-endings in tendon, 227 
on nervous system, 209 
on reticulai’ investnuuit of nerve-cells, 219 
on reticulum of medullary sheath, 233 
of nerve-c(41s, 219 

on secretory canaliculi in gastric glands, 
535 

on staining of nerve-cidls, 209, 213 
on tubuh's of kidney, 59(5 
Golgi-Mazzoni, cells of, 224, 30(5 
corpuscles of, 458 

Golowinski on blood-vessels of clitoris, (533 
on develo])ment of connective-tissin^ 
fibres, 117 

Golubt'W on arteriic lecta'i of kidney, 593 
Goodall, A., on formation of erythrocytes, 373, 
377, 380 

on giant-cells in bone-marrow, 594 
on leucocytes, 388 
on removal of thymus, (579, (589 
(.loodall, J. >S., on islets of Langerhans, 5(52 
Goodsir on develo])ment of te('th, 514 
Gottli<‘b on nature of hamiolysis, 370 
Gowers, tract of, 29(5 

on enumeration of biood-(!orpuseles, 3(5(5 
on estimation of hiemoglobin, 372 
Graalian follieles, (54 2 ( 54 8. See Ovary 
Grandly, corpuscles of, 2(59, 271 
Granules (form of nerve-eel 1), 225 
in cerebellum. 30(5 
in cer(4)ral cortex, 315 
in retina, 223 
(Granules (particles) : 

albuuKiid of llaust'ii, 141 
amphopliil, 23, 387 
basiphil, 23, 34, 35, 211, 387, 390 
in eell-librils, 15 

of eell-j)r()toplasm, 22, 23, 24, 27 
eleidin, 447 
of karyoplasm, 24, 35 
mucin, 24, 43(5, 437, 517 
neutroj)hil, 23, 387 
Nissl, 212, 213 

oxy-phil or eosinojihiJ, 23, 387 
jugment, 27, 94 
secretion, 435 439 
zymogim, 390 

Greelf on ectojdasm of Amceba tiaricola, 15 
Greely on galvanotaxis, 70 

or> retienlar striuduie of protoplasm, 21 
on struetural changes in living jirotoplasm, 
20, 21 

(jlre(*nwood on gland-cells of stomach, 535 
(Jregoire on cell-division, 45 
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(iregor on musole-spindlos, 280 
Grcnzstrang, 203 
Grew on cells, 8 

Griesbach on amoeboid movement, 03 
Griffith on spinal ganglion-cells, 241 
Griffiths on appendix testis, 041 
on Idadder and ureter, 009 
on changes in testis with age, 041 
on nerv(‘-sup|)ly of bladdc r, 009 
Grimmer on Brunner’s glands, o48 
Gristle, 132. 8f‘e (■artilage 
Gronroos on iridotheliiun-eells, 107 
of omentum, 417 

Gross on physiology of pitiiitai y body, 090 
G round-la me I (of bone), 140 

(j}round-sul)stan(‘e, 0, 102 
of bone, 149, 158 
of cartilage, 132, 133 
of conne(*tive tissue, 110 
(iriinbaum, A. S. and 11. G., on structure of 
pituitary, 09(i 

Griineberg on dovelopjnent of erythrocytes, 375 
Griinhagen on fat-al)sorption, 552 
Griinstein on arteiies, 334 

on nerves of bladder and ureter, 009 
(Iriitziier on distribution of red and pale 
muscles, 190 
on plain muscl(‘, 190 

Guarneri on nerve-endings of suprarenal 
capsule, 083 

Gubaroff on cardiac orifice of stomach, 5.35 
Gubernaculum dentis, 512 
V. Gudden, method of, 251 
Giiignard on reduction of ehromosonu'S in 
flowering- plants, 50 

Gulland on development of lymph-glands, 403, 
404 

of lymiih- vessels, 301, 3 <13 
on leucocytes, 388 
on thymus gland, 079 
Gullet, 523. See (Esophagus 
(hilliver on erythrocytes in deer, 3t)7, 309 
(hi ms, 487 

Gunn on thyroid and myxcndema, 071 
Gurwitscli on ei'll-strueture, 9 
on ciliated cells, 73, 75 
(m development of nerves, 243 
on e})ithelium of (‘judidymis, 93, till 
Gustatory cells, 283 
pore, 283 

(Jutherz on accessory chromosome, 57 
on muscle-structure, 188 
Guthrie on luemolysis, 370 


IIaane on glands of cardia, 530, 5.30 
Ha)mal glands, 402, 403 
HcTomal lymph-glands, 402, 403 
lymphoid tissue of, 124, 403 
origin of, 4 

fliematoblasts of Ilayem, 3!) I 
IDematoidin crystals, 371 
Hsemin crystals, 371 
Hoemoblasts, 373, 374, 375, 379 
Hiemoglobiii, 27, 309, 370, 37 1 
crystals, 371 
estimation of, 372 
Hcemolysis, 370 
Hair or Hairs, 4, 98, 403-475 
club or non-papillatcd, 404 


Hair or Hairs, colour, 403, 404 
cuticle, 403 
development, 472-474 
distribution, 404 

follicles, 453, 404, 400-408, 474, 475 
growing or papillated, 404 
knob, 404, 408 

medulla or pith, 403, 404, 472 

muscles, 408, 409 

nerves, 4()9-472 

papilla, 404, 408, 472, 471, 475 

rate of growth, 404 

replacement, 474, 475 

root, 404 

-sheath, 407, 472 
shaft or stem, 403 
tactile, 408, 470, 472 
Hair- bed or hair- matrix, 472, 474 
Hair-cells of macuho and crista*, 285 
of organ of ('orti, 287 
Hair-discs, 402 

Hallian on growth of muscle, 194 
on size of muscle-fibres, 174 
Halberfeld on acc'cssory jjituitary, (>95 
Haldane on estimation of ha'inoglobin, 372 
Hales on growth of bone, 1 08 
Haller on lingual papilla", 492 
on lu'ives of thymus, 080 
on pulmonary veins, 587 
on valves of vidns, ,339 
on vas aberrans, ()20 

Halliburton on chemistry of nerve-degenera- 
tion, 247 

on heat-rigoi' of muscle, 18f) 
on r(*generation of ner\es, 250-251 
Hal])enny on thyroid, 074 

on thyroid and myxcedema, 071 
Halsted on cells of thyroid vesich's, 070 
on jau’athyroid extirpation, 070 
Hamburger, E., on leueoeytes in |)n7'ietal cells 
of stomach, 5.30 
on }>liagoey tosis, ,388 

Hamburger, H. d., on colloidal solutions, 11 
on osmoti(* elfe(‘ts in erythrocytes, 370 
Hambiu’g(*r, ()., on deveIo])ment of panen^as,5.37 
on p<‘lvis of bladder and ureter, 009 
Hammar on articular cartilage, 1.35 
on deposition of fat, 129, 131 
on epith(‘lium of ej)ididymis, ()41 
on gianl-<*ells in thymus, 079 
on influeiu-e of a*- rays on thymus cor- 
jiuscles, 079 

on synovial cells, 421, 422 
on thymus in advanei'd ag(‘, 080 
as alfccted by nutrition, 080 
on thymus gland, 079 
Hancock on plain mus(4e of urethra, 03() 
Handelsmann on removal of pituitaiy, ()t)5 
Hanseman on stratified epithelium, 90 
Hansen, albumoid granules of, 141 
on cartilage, 142 

on development of eonneetiv(*-tissue 
fibres, 117 

of elastic cartilage, 141 
of nerves, 24.3 

Hanstein, mierosomes of, 10 
Harberer on secretion-granules in medulla of 
adrenals, 085 
on veins of testis, 041 
Hardesty on neuroglia, 207, 208 
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Hardesty on spinal ganglion- cells, 241 
Hardy on colloid solutions, 11, 12, 13, 19 
on invertebrate thrombocytes, 392 
on leucocytes, 388 
Harms on fundus-glands, 532 
Harrison on development of nerve- fibres, 
242, 243, 244 

on growth of nerve-fibres into grafted 
limbs, 242, 243 
on haemal glands, 402 
lymph-glands, 403 
in birds, 403 

on regeneration of nerves, 250 
Hart on bladder and ureter, 009 

on development of preputial fold, 041 
on stratified epithelium in embryo, 97 
Harbjg on appearances in dividing nucleus, 13 
Harvey on bladder-opithelium, 98 
Hassall, corpuscles of, 070 
Hasselbalch on number of leucocytes, 387 
Hatai on development of nerves, 244 

on neuro-k(uatin of medullary sheath, 234 
on spinal ganglion-cells, 241 
Hauptzellen, 531. fSco Central cells 
Hausmaun on number of chromosomes, 41 
Havers on synovial Tiienibrancs, 420 
Haversian canals, 143, 145, 148, 153 
in crusta petrosa, 500 
fringes or folds, 42(3, 422, 425 
secondary, 423 
lamelke, 145, 140 
spaces, 152, 1()5 
systems, 140, 148 

Hawk on number of erythrocytes, 3()0 
Haycraft on development of kidney-tubules, 
002 

on epithelium of trachea, 589 
on striudure of muscle, 188 
on transformation of ciliated into strati- 
fied epithelium, 83 

Hayem on dev(‘iopment of capillaries, 355 
on enumeration of blood-corj)uscles, 300 
on number of erythrocytes, 305 
on thrombocytes, 391, 393 
Head on regeneration of nerve, 251 

on restoration of function in rlivided 
nerves, 249 

Heape on changes in CJraafian follicles, 057 
Heart, 120, 197, 321-328 

auriculo- ventricular bundle, 200 
blood-vessels, 200, 324 
endocardium, 321, 322-324 
cpicardium, 321, 322 
ganglia, 327, 328 

lymph, 300. See Lymphatic hearts 
lymphatics, 324, 325 
muscle, 197. 8ee Muscle, cardiac 
myocardium, 322 
nerve-endings in, 320, 327 
nerves, 201, 325 
sinusoids, 347 
valves, 323, 324 
Heat-rigor of muscle, 189 
Heiberg on islets of Langerhans, 502 
dc Heide discovers ciliary movaunent, 71 
Heidenhain, M., on ammboid movement, 77 
on appearances in dividing nucleus, 13 
on cardiac muscle, 198 
on cell -chemistry, 1 1 
on cell-structure, 9 


Heidenhain, M., on centrosomes, .30, 31 
on epidermis, 440 

on fibrils in heart-muscle of duck-embryo, 
201 

on giant-cells of marrow, 383, 384 
on goblet-cells, 90 
on growth of muscles, 194 
on intercellular substance, 2 
on life of intercellular substance, 2, 118 
on nucleoli, 37 
on oxychromioles, 35 
on pavement-epithelium, 84 
on plain muscle, 190 
on ridges of skin, 455 
on structure of cardiac muscle, 202 
of nucleated erythrocytes, 372 
Heidenhain, R., on fat-absorption from intes- 
tine, 544 

on gastric glands, 532 
on intestinal epithelium, 541 
on small intestine, 552 
on stomach, 53() 
on structure of muscle, 190 
on sul>maxillary gland of dog, 515 
Hehh'rich on plain muscle, 190 
Heitzmann on .structure of muscle, 187 
Held on canaliculi in ncrvx-cclls, 25 
on continuity of neuro-fibrils, 210 
on development of nerves, 243 
on reticular investment of nerve-cells, 219 
on trapezoid nucleus, 2 Hi 
■ Hcli(ane arterites, 032 
Helly on ducts of pancreas, 501 
on luemal glands, 402 
on islets of Langerhans, 502 
on va.scular system of syOecn, 414 
Hend(u\son on removal of thymus, 080 
Henking on accessory chromosome, 50 
on karyokinesis, 50 

Henkj on elastic fibres of serous membranes, 4 1 7 
fenestrated membrane of, 332, 335 
lay(*r of, in hair-follicle, 408 
looped tubules of, 591, 595 
on lymphatics (^f heart, 324 
on pelvis of kidney, 002 
Henneberg on plain mu.s(*le, 190 
Henneguy on basal particles of eiliabsl cells, 32 
on cell-strueturo, 9 
on ciliated cells, 75 

Henry on epithelium of epididymis, ()41 
Hensen, line of, 170, 182, 183, 187 
on .structure of muscle, 187 
Hepatic artery, 500 
duct, 571 
lobules, 503, 507 
vein.s, 500 

Heppner on carotid and coccygeal glands,* 089 
Herbst, coipusclcs of, 200, 271, 272 
Hering, E., on metabolic equilibrium, 71 
Hering, H. E., on auriculo- ventricular bundle, 
200 

Hermann on formation of division-spindle, 44 
on karyokinesis, 41 
on spermatogenesis, 041 
Herring on action of pituitary on kidney, 095 
on blood-channcls of liver, 507, 508 
on canaliculi in liver-cells, 20 
on crystals in liver-cells, 00 
on development of kidney-tubides, 002 
on lymphatics of liver, 57 V 
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Herring on origin of fibres in white ramus 
coinrnunieans, 237 
on .structuie of pituitary, 692 
Herscheinier on intereellular bridges, 96 
Hertwig, O., on artilieial i)arthenogenesis, 57 
on centrosonies, 30 
on ehrornosotnes, 36 
on (lev(‘lopinent of (‘lastic cartilage, 141 
epithelial sheath of, 51 1 
on fertilisation of ovum, 53 
on mesenchyme, 4, 116 
on multiple division of nucleus, 41 
on structuie of protoplasm, 19 
H(*rtvvig, K., on mesenchyme, 4, 116 
Herzog on epithelium of urethra, 637 
on plain muscle of urethra, 635 
on urethra, 641 

Hesse on muscles of hairs, 469 
Heteroehrornosomci, 5() 

Heterotypical mitosis, 51, 52 
Heuberger on modelling of bones, 170 
Heuer on development of lymphatics, 362, 3(>3 
Heyerdahl on number of leuco(^ytes, 387 
Heymans on epithelium and glands of larynx, 
577 

on nerves of heart, 201 
Hibernal ing gland, 130 
Highmore, body of, 612 
Hill on blood-supply of testis, (>41 
Hille on (lev(4opmcnt of lymph-glands, 404 
Hilton on types of villi, 538 
Hi him of kidney, 590, 601 
of lung, 574 
of lymph-gland, 397 
of ovary, 643 
of sjrh'cn, 405 
of suprarcmal ca()sule, 685 
Hino on plasma*c(41s, 108 
Hip- joint, 138 
Hippocampal gyrus, 316 
Hippocampus (of brain), 316 
lin- muscles of, 190 

Hirseh on gianuU's in kidney-cells, 601 
Hirschfehh'i' on auiieulo-vciitricnlai' bundle, 
200 

His, on adventitia capillaiis, 345 
on degeneration of nerves, 252 
on deveio[)mcnt of blood-vessels, 376 
of lung, 589 

on division of lurves, 243, 244 
on endothelium, 82 
on lym[)haties of corpora lutca, 657 
on parablast, 11 
paiablast cells of, 376 

His, \V.. dun., on ain iculo-veiitiieulai' bundle, 
200 

on development of nerves, 242 
on ganglia in heart, 327 
Histogenesis. >See Development of tissues 
Hoeh on nerve-cells in xentral roots of spinal 
nerv(‘s, 221 

Hoehstetter on gastric v(“ins, 535 
Hocke on str uct ui‘(^ of pancreas, .557 
Hodg(^ on fatigue of nerve-cells, 212 
Hoehl on reticular tissue, 125 
Hofer on functions of nucleus, 58 
Hoffmann on cardiac muscle, 202 

on nerve-endings in plain muscle, 254 
Hofmeister on glands of cai'dia, 530 
Hoggan on deposition of fat, 129 


Hoggan on lymphatics of uterus, 665 
Hoke on quantitative relation of axon to 
myelin sheath, 231, 240 
Holmgren on canaliculi in epithelium-cells, 25, 
26 

on cell -str ucture, 9 

on centrosomes of nei’ve-cells, 2 1 1 

on columnar e[)ithelium, 86 

on cross-striated muscle, 183-184 

on formation of Nissl granules, 60 

on intramuscular trachere of insects, 185 

on nerve-cells, 21 I 

on iK'uroglia, 207 

on nucleus of nerve-cells, 212 

on oxyphil granules in ner ve-crdls, 213 

on sarcoplasm, 184 

on tr’ophospongium, 26, 87, 178, 219, 431 
Homans on removal of pituitary, 695 
Homotypical mitosis, 51, 52 
Honeycomb-structuie of protoplasm, 19 
Honogre on (h'aahan follirdes, 657 
Hopewell-Smith on histology of teeth, 501 
lIoplTo on glam Is of cardia, 536 
Hormones, 438 

Horsley on end-bulbs in nerve-trunks, 240, 263 
on pathology of thyrend gland, 671 
on removal of pituitary, 695 
Housei’ on canaliculi in liver-cells, 26 
Hoven on mitochondria and secretion-granules, 
439 

on s(H r(4ion-granulcs of pancreas, 500 
Howell on giant-cclls of marrow, 384 
on lifc-histoiy of erythrocytes, 385 
on pituitaiy extract, 695 
Howship, fov(M)la‘ of, 152 
Hoy(‘r on blood-vessels, 351 

on rcticulum-c(‘lls of lymph-glands, 400 
on spleen, 414 
on vidns of marrow, 154 
Huber on arteiije rcctie of kidmiy, 592, 601 
on axon of sym]ait hctic ganglion-cells, 226 
on development of kidney-tubules, 602 
on miiscle-spindk's, 279 
on nei‘\ c-endings in glands, 432 
in heart, 254, 258 
in plain muscle, 254 
on nerves of hear t, 201 
on neuroglia, 207 

on nuclei of sym])athetic cells, 226 
on processes of ganglion-cells, 222 
on regeneration of iier v(‘, 249 
on sensor y end -plates in cor onary arteries, 
351 

on sym])athctic gaiiglirai-cidls of am- 
jrhibia, 226 

on ur'iniferoris tubul(\s, 595, 601 
Iluecke on number of Malpighian corpuscles 
in kidney, 594 

Huie on tcrilacle-cclls of Drosma leaf, 68 
Hultgrecn on secretion-granules in medulla of 
adrenals, 685 

Humphry on growth of bone, 168 
Hunt, Heid, on ioriine-containing material 
of thyroid, (>70 

Hunt(‘r, A., on physiology of jntuitary, 694, 696 
Hunter, dohrr, on arteries, 329 
on growth of bone, 168 
Hunter, W., on lif(‘-history of erythrocytes, 385 
Hunter, William, on blood-vessels of synovial 
membranes, 423 
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Huntingdon on development of lymph- vessels, 
363, 364 

Hiirthle on cells of thyroid vesicles, 670 
on lymphatics of thyroid, 672 
on musclc-structure, 188 
Hiitcr on synovial membranes, 421, 422 
Huxley on branching of musclc-iibrcs, 175 
on development of teeth, 514 
layer of, in hair-follicle, 468 
Hyaline cartilage, ]33-i36> 
layer of hair-follicle, 466 
substance of pituitary, 692 
Hyaloid membrane of frog’s eye, 344, 345 
Hyaloplasm, 18, 33, 62 
Hydatid of Morgagni, 626, 658 
Hymen, 666 
Hypoglossal nerve, 299 

origin from grey matter of floor of fourth 
ventricle, 300 

Hypophysis cerebri, 689. See IMtuitai v l>ody 

Hy po thal a mu s , 3 1 7 

Hyrtl on blood-vessels, 351 

lUANTS, 5<> 

Ide on intercellular fibrils, 96 
Idris on staining of nc'iiro-librils, 217 
Ids, 5() 

Tkcda on cpitlu'lium of epididymis, (>41 
Ileum, 536 

llh'i'a on staining of neuro-fibrils, 217 
11 ling on salivary glands, 516 
Imbert on theory of muscl(*-contraction, 189 
Imchanitzki on aurieulo-vc'iif ricular bundle, 
200 

on function of hearf-nuisi'lc', 202 
Incisor t('eth, 512 
Incremental cone, 242 
Infraorbital gland, 315 
Infundibula of lungs, 581, 588 
Infundibuliform fascia, 611 
Infundibulum of brain, 

of kidney p(‘l\is, 590, 602, 603 
Inotagmata of Kngclmanti, 10 
lnt(‘rarticular discs, 138 

lamina* of kiu'c-joint, 139 
Inferecllular channels in sf ratified epithelium, 
95, 446 

fibrils, 95, 195. S('e Cel I- bridges 
suf)stancc, 5 

Interglobular s()aees in dentine, 4‘.lf), 509 
Intcilobiilar veins of liv('r, 565 
Intermediary or lobular ductules, 51() 
Intcrmctliate coi pusclcs of Clemming, 86 
disc of muscle, 187 
Intermedio-latcral cell-column, 296 
Internal ca})sule, 316, 317 
Internally secreting glands, 424, 438, 602 
Inter-renal body of clasmobraindis, <)86 
Interstitial cells of ovary, 634, 644, 653 
of testis, 611, 624, 625 
crystals in, 625 
double centrosome in, 624 
li])oid globules in, 625 
Intervmtebrai discs, 138, 139 
Intestine, large, 553-556 
mucous membrane, 555 
muscular coat, 553-555 
serous coat, 553 
submucous coat, 555 
vessels and nerves, 555 


Intestine, small, 536-553 
blood - vessels, 550 
fat-absorption in, 541-545 
glands, 545-548 
lymphatic follicles, 548 
lymph- vessels, 551 

mucous membrane, 443, 444, 536-550 

muscular coat, 536 

nerves, 552 

serous coat, 53f> 

submucous coat, 53(> 

villi, 523, 538, 545 

Intracartilaginous ossification, 155, 159 
Intrafusal muscle-fibres, 279 
nerve-fibres, 279 
Intralobular veins of liv(‘r, 565 
In tra membranous ossi Heat ion, 155, 170 
lodothyrin, 669 
Iris, 4 

plain muscle of, 4, 196 
Islets of Langerhans, 559, 561, 562 
capillaries or sinusoids, 561 
epithelium-cells, 56 1 
function, 561, 562 
nerves, 561 

Isotro])ous substance of basal particles of cilia, 
91 

of muscle, 185 
Ivory. See Dentine 
lz((ui(‘rdo on (Jrandry cori)Uscles, 272 


J.\(’()nsoN on parathyroid extir})ation, 676 
; Jacoby on cell-ferm(aits, IJ 
I .lackson on bonomarrovv, 384 
I Jilderhohn on neuro-fibrils, 218 
I Jahne, on epiphys('s, 168 
! Jankowski on corpus luteum, 657 
Janosik on closed vascular system, 414 

on d(‘velopment of kidn(‘y-tul)ules, (>02 
on epoophoion and paroophoion, 658 
Jansen on ama)boi<l movenuait, 77 
.lejiinum, 536 

Jelly-like connectivf^ tissue, 121, 122 
in dental pulp, 4!)3, 512 
in vitreous humour of eye, 131 
Jelly of Wharton, 121, 131 
Jenkins on conducting substance of iicT’ves, 
235 

J(‘nnings on anueboid movement, 77 
on chemotaxis, 70 
Jensen on s[)eJinatogencsis, 641 

on structure of sf)ermatozoa, 641 
on vital ])lienomena of protoplasm, 61 
Johnston on reconstruction of kidney glomeruli, 
601 

Jollv, J., on d(Aeloj)nu‘nt of blood-corpuscles, 
378 

on leucocytes, 388 
on 8ha])e of (uythrocytes, 367 
.lolly, W. A., on parathyroids, 674 
tm thyroid and myxeedema, 671 
Jones, Wharton, on anueboid movement of 
leucocytes, 62 

Jonson on thymus as affected by nutrition, 
680 

.Iordan, H. M., on accessory chromosomes, 57 
.Iordan, J. E., on development of blood- 
corpuscles. 378, 379 
on shape of erythrocytes, 367 
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Joris on nouroHbrils, 218 

Josopii on r-hangos during secretion in sweat- 
glands, 478 

on (Iraatian follicles, Oo? 
on parathyroids and tetany, 678 
on vascularised epithelium, 82 
Jouvcnal on cry})ts of J>iehcrkuhn, 586 
on gastric glands, 588 
Junctional tubule, 596, 597 
J uschtschenco on sympathetic nerve-cells, 227 

Kallius on sensory ncrvc-cndings, 259 
Kandaragi on nervc-sup])ly of trachea, 580 
Kanthack on leucocyt(‘S, 888 
on vocal cords, 577 
Karg on pigment-cells in skin, 458 
K aryoki nesis, 4 1 -56 
object of, 56 

Karyo-microsonies, 24, 85 
Karyomitonio, 88, 84, 86 
Karyoplasm, 10, 83, 84, 87 
Karyosome, 87 

Kasai on interstitial cells of t(‘stis, (541 
Kassowitz on development of bone, 170 
Katabolism, 62, 71 
Kataphase of nuclear division, 41 
Kato on neuro-librils, 217 
Kaufmann, Marie, on parietal cells of stomach, 
586 

Kaufrnann-Wolf on Jh’unner's glands, 548 
Kassander on o»'igin of osti'oblasts, 158 
Kazzander on valvul;o (’onniventes, 587 
K(‘ith on auriculo- ventricular bundle, 200 
on sino-auricular nodi?, 822 
Keller on ciliated ofuthelium of uterus, 92 
Kent, Htanlev, on auriculo- ventricular l)undle, 
200 

Keratin, 27, 94, 449 
Keiatinisation, 27, 96 
of enamel, 510, 51 1 
of epitheliuni-c(‘lls in thymus, 677 
Keratin-like substance in development of 
enamel, 509, 510 
Kcratohyalin, 91, 447, 459, 476 
Kerkring, valves of, 587 

Kerr, (haham. on development of nerves, 248 
Key and Retzius, corpuseles of, 278 
on perineurium, 288, 289 
Keyes on framework of spleen, 414 
Kidd on development of papillary ridges of 
skin, 454 

on hair-slope in man, 465 
on lymphatics of (esophagus, 525 
Kidn(?y, 125, 425, 429, 590-608 

action of pituitary extract on. (595 
blood- vess(‘ls, 841, 848, 591-598 
capsule, 590 

as compound tubular gland, 429 
cortex, 590, 601 
hilum, 590 

intertubular tissue, (501 
lymphatics, (301 
med ulla, 590 
nerves, (501 
pelvis, 590, 602-608 
sinus, 590, 602, (508 
structure, 590-60 1 
tubules, 91, 591-601 

Kilvington on n'generation of nerves, 250 


King on blood-platelets, 892 
Kinoplasm, 30 

Kishi on thyroid and myx oedema, 671 
Klein, E., on ciliated epithelium of oesophagus, 
524 

on deposition of fat, 129 
on development of blcxxl- vessels, 876 
on epithelium of pleura, 589 
on external generative? organs, 641 
on gland -ducts of pharynx, 521 
on lymphatic system, 589 
on lymphatics of adrenals, 688 
of skin, 45(5 

on mucinogen granules, 487 
on niusch? in glands of nasal mucous 
membrane, 485 
of diaphragm, 190 

on plain muscle- fibres in [)l(mra, 589 
on pseudostomata, 417 
on salivary glands, 515 
on stomata of serous membram'S, 858 
on stratum corneum of epidermis, 447 
Klein, 8., on crypts of Lieberkiihn, 546 
Kling on d<‘velopmi?nt of lymph-glands, 404 
Klinke on develoyjmcnt of connective- tissue 
fibres, 117 

Klose on removal of thymus, 680 
Knee-joint, 138 
Knob of hair, 464, 468 
Knower on dev(?lopment of lym])h-sacs, 863 
Kobelt on appendix of (‘pididymis, 626 
on blood-vessels of y)enis, 684 
on bulbs of corpora cavernosa, 630 
on (?olliculus bulbi, 681 
on parovarium, 657 
Koeppe? on valves of y)ortal vein, 840 
Kohn on development of nerves, 244 
on paraganglia, 686, 689 
paraganglia of, 668, 683, 689 
on y)ara thyroids, 678 
on pituitary body, 693 
Kollik(‘r on adiy)os(‘ tissue, 180 

on aimcboid movemumts of dendrites, 
21 I 

on atresic follicles of ovary, (557 
on bone- structure, 158 
on cartilage-cells, 140 
on c(‘lls of plain jiiuscle, 194 
on develo[)mcnt (jf blood-coipuscles, 878 
of blood-vessels, 855 
of connective-tissue fibres, 117, 118 
(3f erythrocytes, 876 
of nails, 461 
of nerves, 244 
of tc'ctli, 514 

on (4astic tissue in superficial fasciie, 
452 

on e|jithelium of alveoli and bronchioles, 
589 

on ground-substance of bone, 158 
on growth of bone, 169 
on hyaline layer of hair-follicle, 4(5(5 
(jn modelling of bones, 170 
on motor end -organs, 268 
on muscle-eolumns, 177 
on muscle of frog’s tongue, 175 
on muscle of hairs, 468 
on nerves of syjeen, 414 
on nervous system, 209 
on osteoclasts, 158, 883 
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Kolliker on pigment in skin, 

on pigment- cells in skin, 453 
on replacement of hairs, 474 
on structure of muscle, 186 
on uterine muscle during gestation, 664 
Kollmann on development of teeth, 514 
Kolossow on endothelium-cells, 416 
on intercellular fibrils, 95 
on jelly-like connective tissue, 121, 131, 
512 

on pavement-epithelium, 84 
Kolster on cartilage, 142 

on eentrosoraes of nei’ve-cells, 211 
on tubules of kidney, 590 
Kopseh on reticulum inside nerve-cells, 219 
V. Korff, fibrils of, 508 

on developing bone and dentine, 157, 

158 

on fibres in dental pulp, 493 
Korolkow on nerve-endings in salivarv glands, 
259 

Korscliclt on function of nuch'us, 58 
Kossel on cell-chemistry, 11 
on chemistry of nucleus, 38 
Kostanecid on development of ('rythrocytes 
in liver, 379, 380 

on formation of division-spindle, 44 
on multiple' division of nucleus, 44 
Kostei’ on axoii-roaction in spinal gaimlion- 
cells, 212 

Kowaleski on ecdl-division, 45 
Krause, K., on gland-ecdls and secreting 
eanaliculi, 433 

Krause, W., membrane of, 176, 182-184 
on development of epidermis, 450 
on end- bulbs, 262 
on genital end- bulbs, 264 
on growth of nails, 462 
on lymphatics of vagina, 666 
on motor end-organs, 258 
on nerves of synovial membranes, 423 
on number of intestinal villi, 539 
on number and si/e of sweat-glands, 478 
on red and pale muscles, 190 
on size of thyroid gland, 672 
0)1 structure of muscle, 186 
Krehl on fat-absorption in small intestine, 
552 

on fat -globules, 23 
Kromayer on pigment in skin, 95 
Kronceker on auriculo- ventricular bundle, 200 
on function of heai't-muscle, 202 
Ksjuniu on nerves of hairs, 471 
Kuborn on develo])ment of capillaiies, 355 
on giant-cells in embiyoni(t liver, 380 
on intracellular development of eiythio- 
cytes, 382 

Kuezynski on Brunner’s glands, 552 
Kuhn on cell-granules, 22 
Kiilino on motor end- organs, 256, 257, 258 
on neurokeratin, 233 
on secretion- granules, 436 
of pancreas, 559, 560 
Kulschitzky on intestinal epithelium, 541 
on spleen, 414 

Kumita on lymph- vessels of kidney, 601, 685 
Kunz on development of nerves, 244 
Kupifer on bile-canaliculi„ 433 
on glands of cardia, 536 
stellate cells of, 345, 567 


Kiirsteiner on parathyroids, 673 
Kiister on islets of Langorhans, 562 

on sensory endings of depressor nerve 
in aorta, 352 

Kiittner on blood-vessels of pleura, 589 
Kyrlc on islpts of Langerhans, 562 


Labia majora, 477, 667 
minora, 475, 667 
Labyrinth of kidney, 591 
membranous, 4 
Lacerti of muscle, 172 
Lacrymal canals, 4 
gland, 4, 425, 429 

nerve-endings in, 98, 259 
paranucleus in, 435, 436, 439, 440 
sac, 91 

Lacteal plexuses, 550 
Lacteals, 551 

I,«acun£o of bone, 143, 147, 161 

in cement or crusta petrosa, 500, 512 
lymphatic, 358, 360 
of urethra, 637 

Ladlum on regeneration of nerve, 251 
Laguesse on dev('lopment of connective-tissue 
fibres, 117 

on islets of Langerhans, 562 
Laking of blood, 369, 370 
Lamella-fibres of Sharpey, 149 
Lamellar cells, 106, 129, 158 
Lamina, internal elastic, 332, 348, 349 
Lane on islets of Langerhans, 561 
LamvClaypon on formation of g(‘rm-cells, 55 
on interstitial cells of ovary, 5t)7 
on ovari(\s, 650 

on synaptic changes of ovum, 657 
Langendortf on cells of thyroid vesicles, (>70 
Langer on alveoli of virgin mammary gland, 
482 

on blood-vessels of marrow, 154 
on cavernous tissue of penis, 641 
on lymph- vessels, 356 
on structure of cutis vera, 452 
Langerhans, on cells of I'cte mucosum, 447, 
450 

on contro-acinar cells, 559 
ish'ts of, 559, 561-562 
on nerves of epidermis, 458 
on stratum granulosum, 94 
Langley, on action of adrenalin, 683 
on autonomic system, 236 
on axons of sympathtdic ganglion-cells, 
226 

on changes in gland -cells during secretion, 
532 

on gland-c(‘lls and secretory eanaliculi, 433 
of stomach, 536 

on nerve-sup])ly of bladder, 609 
oxyntic ct'lls of, 531 
on regeneration of nerve, 250, 251 
Lantermann, conico-cylindrical segments of, 
232 

Lanugo, 474 

of f(ctus, 465, 474 

Large intestine, 523. See Intestine, large 
Laryngeal pouch, 575 
Larynx, 4, 91, 132, 490, 574 577 
glands, 444 

mucous membrane, 91, 576 
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T-<arynx, struct iiro, 574 

taste- buds in, 490, 570 
ventricles or sinuses, 575 
vessels and nerves, 57() 

Laserstcin on gland-cells and srcretory i 

canali(;uli, 435 I 

Lat(‘ral gcnic!dat(^ bodies, 292, 317 
Lautli on seminiferous tubules, 010 
Lavdowsky on salivary glands, 515 
Law on nerve-fibrils in dentine-tubules, 494 
Lazarus on leucocytes, 388 
Lea on secri'tory granules, 43f) 

of ])ancreas, 559, 5f)0 I 

Leb()UC(j on development of ca|)illaries, 355 
on intracellular development of erythro- 
cytes, 382 

Lebrun on nuclear changes, 08 
Lecithin, 11, 28 

in erythrocytes, 309, 370 
in thrombocytes, 392 
Ledu(i on karyokinetic figures, 48 
Lefrnann on nature of luemolysin, 370 
Legros on devadopment of teeth, 514 
Lehmann on ganglia in inferior vena cava, 
351 

Leidy on articular cartilage, 135 
la'igliton on ])arathyroid extirpation, ()7f) 

Loma on ganglia in prostate, (>42 i 

L(*ndorf <.)n Vdadder and ur(‘t(‘i’, 009 
Leidiart on iodine-containing material of 
thyroid, ()70 

V. Lenhossek on basal partiedes of ciliated 1 
cells, 32 I 

on centrosomes of nerve-cells, 211 ' 

on ciliated c(dls, 75 ‘ l 

on short processes of spinal ganglion-ctdis, | 

222 - ' I 

Lens, crystalline. 4, 98, 100 
Leopold on lymphati(%s of ut(‘rus, 005 
on mucous membrane of uterus, (>01 
Lc|)kowski on f)lood-vessels of teeth, 4f)3 
Leser on dev(do|)nicnt of bone, 100 
Leucocytes or white blood-corpuscles, 94, lt)7, 
122, 154, 375, 521, 532 
amitotic division, 40 
amcoboid inovemenf , (>2 
between columnar cells, 80 
canaliciili in, 27 
chemotaxis in, 70 
granules in, 22, 23 
pseudo podia, 04 

Lewaschen on ishds of Lang(‘rhans, 501 
L(!W{'s oji centrosomes of nerve-cells, 211 
Lewinsky on superficial markings in skin, 454 
Lewis, h\ T., on d(‘velopment of Ivmpli- vessels, ' 
301 

on sha|)e of (.‘lythrocytes, 300 
on sinusoids, 347 

Lewis, T., on auriculo-ventricular bundle, 200 
on dev(do])ment of lymph-glands, 404, 405 
on hmrnal lymph-glands, 402, 403 
on short processes of spinal ganglion-cells, I 
222 ' 

on spleen, 414 

Ijcydig on c(dl-mcnibrane, 9, 28 

on conducting material of tierve-fibres, 218 
on definition of cell, 9 
on interstitial cells of ti'stis, 024 
on structuro of proto|)lasm, 18 | 

on vasculariscd epitheliiun, 82 i 


! Lieberkiihn, crypts of, 444, 540 
' in large intestine, 555 

in small intestine, 540 
in stomach, 533 

Licl)ert on fundus-glands of monkey, 530 
Lichtenberg on urethra and Cowper’s glands, 
042 

Ligamcnta subflava, 113 
Ligaments, 109, 110, 115 
broad, 004 
capillaries, 115, 343 
insertion into bone, 151 
of liver, 503 
of |)eritorK‘um, 415 
round, 0()4 
thy ro-ar y tenoid , 575 
Ligament um dentieulatum, 298 
latum pulmonis, 388 
nuclue, 113 

Lillie on appearances in dividing nucleus, 13 
on (!ell-r(‘si)iration, 01 
on karyokirudie figures, 48, 49 
on oxidation processes in cell, 01 
l^indemann on (‘lul- bulbs in (‘piglottis, 577 
Liiuler on colloidal solutions, 11 
Ivine of Dobie, 17() 
of (Jennaii, 315 
of Hensen, 187 
Lines of Bail larger, 315 
of 8chreg(‘i’, 497 
Linin, 34, 35, 30 
Lipoid, 11, 28 

membraiH' of (‘rvthrocyte, 373 
membranes, 11, 28 

Lips, 441, 487 
Liquor follieidi, 1)45, 051 
sanguinis, 305 

Lissaiu'r on ganglia of heart, 201 
I Inst on pigment-cells in skin, 453 
I In’ttre, glands of, 037 
! Liver, 4, 425, 429, 503 573, 089 
! bIood-v(‘SS('ls of, 503-509 

! canalicaili in. 20 

I cells, 131, 570 

crystals in, (iO 

' formation of blood-coipuscles in, 379 

lymj)hatics, 571 
nerves, 57 1 

I sinusoids of, 347, 507, 508 

Lobules, hepatic, 503, 507 
of t hyinus, 070 
liObuli testis, (ill 
Lockwood on large intestine, 550 
Locus cceruleus, 219 
Loi'b, J., on artificial astrospheros, 32 
on artificial parthenogenesis, 57 
on cell-nucleus as oxidising organ, 39 
on cell-respiration, 01 
on j)hy8ical f henries of ci'll-function, 81 
on surface-films, 21 
on vital ])henomena of protoplasm, 01 
Loeb, L., on corpus luteum, 057 

on invertel)rate thrombocytes, 392 
Lo(‘w on chemotaxis, 70 
Loewenthal on cartilage-cells, 133 
on cell-granul(‘s, 22 
on cells of connective tissue, 100 
of Clarke’s column, 213 
LOhner on shape of erythrocytes, 3(i7 
London on epithelium of bladcier and ureter, 009 
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London on staining of neuro-fibrils, 217 
Looped tubules. See Kidney 
LojdIuus, ganglion-cells of, 345 
Loven on develo 2 >ment of bone, 103, lOD 
on lyraf)hatics of stomach, 535 
Lowe on dciiosition of fat, 128 
Lowit on bladder and ureter, 000 
on blood-forming organs, 300 
Lubarsch on erystals in cells of seminiferous 
tubules, 025, ()42 

Ludwig on arterial rectje of kidney, 503 
on lymph- vessels of testis, (342 
on lymphatics of muscle, 102 
of tendon, 1 15 
of testicle, 357 
on stomata, 417 

Lugaro on axon-reaetion in sjiinal ganglion- 
cells, 212 

on regeneration of ihu vc, 251 
on spinal ganglion-cells, 241 
Lukjanow on structure of proto|)lasm, 15 
Luna on capillaries of suprarenal cortex, 083 
on flev(4opment of V(‘ssels of adnuials, (385 
on suprarenal capsules, 083 
Lurulahl on columnar epithelium, 80 
Lungs, 12(3, 580-588 
alveoli, 583 

blood-vessels, 342, 58(3, 588 
distribution of bronchi in, 580 583 
lymphatics, 3(33 , 5(38, 588 
nerves, 588 

as secr(*ting glands, 425 
Lunula of nail, 459, 400 
Luschka, cartilage of, 575 

on carotid and cooevgeal glae.ds, 088, 
089 

on synovial villi, 423 
on vas aberrans, 020 
on ventricles of larynx, 577 
Lymph, 350, 393-395 
Lymph-cianalieuli, 27, 102 
Lymph-cells or -coriuiscles, 4, 124, 393 
Lyni[)h-ehannel or -sinus, 398, 401, 402 
liyniph-follicles or -nodules, 398, 443 
of large intestine, 550 
of lungs, 588 

of mucous membrane, 443 
of nasal fossjo, 487 
of msojihagus, 524 
of parathyroids, 073 
of pharynx, 520 
of serous inembranes, 418 
of small int(\stine, 548-5.50 
of spleen, 408 
of stomach, 534 
of tongue, 489 
of tonsil, 521 
of trachea, 580 
Ly m ph -gla nds, 397-402 
aff(U‘ent vessels, 397 
ea])illaries, 345 
development, 403, 404 
(•fferent vessids, 397 
function, 401 
hauual, •102 405 
marrow, 403 
nerves, 401 
structure, 397-401 
Lymph-hearts, 3(30, 3(34 
Lymph-saes or -S 2 )aces, 345, 358 


Lymph- vessels, 321, 350-364 
of birds, 360 
I blood-vessels, 358 

communications with serous membranes, 
357, 417 

development, 3(31 364 
distribution, 356 
ntu’ves, 359 
origin in tissues, 35(3 
perivascular, 356 
structure, 358 
terminations, 3(30 
tunics, 358 
valves, .359, 456 

8e(5 also under special organs and tissues 
Lymphatic duct, right, 356, 3(30 
lac nine, 3(30 
])lexuses, 3(30 
system, 4, .35(3 3(34 
Lymphatics. See Lym|)h-vessels 
l.ymphoblasts, 373, 374, 379 
Lym|)hocytes, 379, 393, 394 
macro-, 389 
micro-, 389 

prifuitive, 373, 374, 379 
Lym 2 )hoid cords, 398 

nodules. See Lym])li-follicles 
organs, 4 

tissue, 102, 103, 108, 123, 124, 125, 398, 
405, 418, 443, 520, 521, .524, 576, (340 
development of, 125 

Macali.um, a. 11. , on From man n’s striations, 
230 

on iron in Nissl granules, 212 
in nucleus, 39 

on islets of Langerhans, 5(32 
on microclnmiical reactions, 11, 39 
on nuch'i of striated muscle, 190 
on ])hosphorus in cells, 11 
; on potassium in cells, 11 
salts in Tuiisch*, 189 

McCallum, .1. B., on cardiac muscle, 108 
on libres of !hirkinj(‘, 200 
iMacCallum, VV. (1., on development of lymph- 
vessels, 364 

on parathyroids .and tetany, 676 
M(4 4ung on accessory chromosomes, 56 
McClure on devidopment of lymph- vessels, 363 
Macdonald on Frornrnann’s striations, 230 
Mcljougall on mus(d(i contraction, 188 
on structure of muscle, 188 
Mcb]wen on regeneration of bone, 170 
McCill on plain muscle, 19(1 
Mcllroy on devadopmcnt of ova and follicles, 
6.57 

; Mackaltv on destination of spino-eerebellar 
I tracts, 300 

Macken/ie on acition of pituitary extract on 
mammary secretion, 484, (395 
on relation of corpus luteum to mammary 
I secretion, 484, 657 

; Macrocytes (erythrocytes), 367 
Macro-lymphocyt(‘s, 389 
! Macula aeustica, 4, 285 
' germinativa, 643) 

j lutea, 293 

1 Magini on nerve-endings of adrenals, 683 
! structure of adrenals, 683 
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Magitot on development of teeth, 514 
formation of cement, 512 
Maillard on cell-structure, 9 
Main on development of nerves, 244 
Major on blood-supply of thyroid vesicles, 072 
Malassez on development of capillaries, 355 
Male pronucleus, 53, 57 

Mall on basement-membrane of uriniferous 
tubules, 597, 001 

on blood- and lymph- vessels of small 
intestine, 551, 552 
on blood-vessels of stomach, 530 
on development of connective-tissue fibres, 
117, 118 

on elastic fibres of intestinal mucous 
membrane, 537 

on fibres of retiforrn tissue, 123 
on intercellular substance'!, 2 
on reticular tissiui of lung, 589 
on spleen, 412 

on structures of liver, 507, 570 
Malpighi, corpuscles of, in kidne'y, 591, 593, 
594, 59(), 599 

in spleen, 390, 407, 408, 412, 413 
layer of - stratum germinativum = rede 
mueosum, 440, 450, 451, 452, 457 
])yramida of, 590 

Mamillary body, 317 [ 

Mamma or Mammary gland, 4, 479 484 I 

accessory glandules, 480 j 

action of corpus Intern m extract on, i 
484, 055 

pituitary extract on, 484, 095 
alveoli, 482-^483 

actively secreting, 482 
involuting, 480, 483 
plain muscle in, 434 
virgin, 482 
areola, 453, 481 
baseunent-membrane', 482 
blooel-vessels, 483 
corpus mam mao, 480 
development, 484 
lactiferous el nets, 489 482 
ampulla or sinus, 480 
lymphatics, 484 
in male' se*x, 481 » 
nerves, 484 
nipple, 453, 489, 481 
Mann on chroniolysis, 212 
on eollejidal solutions, 1 1 
on fibrils in auricular muscle of frog, 29] 
on fixing age*nts, 12 
on interlobular arte'i'ies of kieine'V, 591 
on Nissl granules, 212 
on vascular systeun, 321 304 
Mansell- Moulliii on prostate, 042 
Marehand on carotiel and coceygeal glands, 
089 

e)n suprare'iial capsule, 083 
Marchi, staining method of, 247 
Marcuson on development of teeth, 514 
Mared'hal on forenation of germ-cedls, 55 
Maresedi on constitution of kidney- ])yramids, 
001 

Marginal fibro-cartilages, 138 

z<3ne of synovial membrane, 422, 423 
Marie, 1\, on pathology of pituitary, 090 
Marie, P-L ., on digestive ferments in leuco- 
cytes, 390 


Marigubi-Kudrjavtzewa on spleen, 414 
Marine on iodine-containing material of 
thyroid, 070 

on variations in thyroid gland, 070 
i Marinesco on chromatolysis, 212 
i on regeneration of nerve, 251 
■ on staining of neuro-fibrils, 217 

Marrow of bone. See Bone-marrow 
, Marrow-spaces in developing bone, 10 1 
I Marshall, C. T., on structure of muscle, 

I 188 

I Marshall, F. H. A., on corpus luteum, 054, 
! <)57 

I on ovaries, 040 

I on uterus during menstruation, 003 

I Marshall, J., on elastic tissue in synovial 
fraena, 421 

I Martinotti, cells of, 312 

on suprarenal capsule, 083 
j Masay on structure of pituitary body, 094 
^ Massart on chemotaxis, 70 
i Mast-cells or Mastzellen of Ehrlich, 108, 128, 
129, 390 

Matrix of nail, 400 

Matsunaga on lymphatics of thyroid, 072 
Mattei on plain muscle of suprarenal capsule, 
083 

Mattln^ws on artificial astrospherc's, 32 
on cliondromitome, 24 
on nucleus of s('creting cells, 439 
on physk'al theori(\s of cell- function, 81 
Maturation of ovum, 52 
Maurer on vascularised epithelium, 82 
Maximow on amitotic cell-division, 40 
on cells of connective tissue, 100 
on develo|)ment of erythrocytes in liver, 
379 

in mesoderm, 373, 374, 375, 370, 377, 
378, 379, 389 
of leucocytes, 391 
on nucleus of secreting-ct'lls, 439 
on thymus gland, 079 
May, Page, on nerve-cells, 211 
on nucleoli in lUTve-cells, 37 
Mayeda on museh'-fibres, 174 
Mayer, A., on granules in kidney-cells, 091 
May(‘r, hk, on connexion between functions of 
pituitary and generative organs, 090 
on physiology of [)ituitary, 090 
Mayer, 8., on hyaloid membrane of frog’s 
(‘Ve, 345 

on nerve-cell synapses, 210 
Mays on development of motor end-organs, 
258 

Maziarski on compound glands, 428 
Mazzetti on interstitial cells of testis, 042 
Mazzoni on (lolgi-Mazzoni corpuscles, 205 
Mead on ai’tificial parthenogenesis, 57 
Meckel, cartilage of, 179 
Mediastinum testis, 612 
Medulla ; 

of hair, 403, 404, 472 
of kidney, 599 
of lymph -gland, 397 

oblongata or spinal bulb, 294, 299, 300, 
301 

ossium. 8ee Bone-marrow 
spinalis. See Spinal cord 
of suprarenal, 082, 084 
of thymus-follicles, 070 
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Medullary or myelin sheath, 208, 231, 232, 244 
conico-cylindrical segments of, 232 
Medullary or myelin sheath of nerve, retieulum 
of, 233 

rodded structure of, 234 
M(idullary rays, 591 

Medullated nerve-fibres. See Nerve fibres 
Megakaryocyttvs, 169, 383 
Megaloblasts, 375, 377, 379 
Meibomian glands, 476 
Meigs on structure of musele, 188 
Meiklejohn on development of nerves, 242 
Meirowsky on pigment-cells in skin, 453 
Meissner, plexus submueosus of, 227, 2,')4, 
522, 552 

nerve-cells in, 227 
tactile eorpuseles of, 260 
Melanin, 108 

Mel land on structure of muscle, 188 
Meltzer on parathyroids and tetany, 676 
Membraiia adamantina* of l’url<inj(‘, 507 
granulosa, 645, ()52, 654, ()57 
pra3formativa, 508 
tectoria, 285, 287 

Membraiue ])ropriie. See Ikisement- membranes 
Membrane or mi'mlu-anes: 
basenumt-, 131 , 131 
of Dow man. 131 
of cells, 28, 29 
of Deseemet, 131 
of Krause, 176 

mucous. See Mucous uK'uibranes 
of Nasmyth, 500, 51 I 
pituitary, 485 
of Reissner, 285 
Sehneid(Tian, 485 
serous. See S(‘r<)us membranes 
synovial. See Synovial membrams 
Mem l)rane-])one, 1 55 
M(‘nele on tilnvs of Doncoroni, 211 
M(Mistrualion, uterus during, 6(52, (5(53 
Menten on Frommann’s striations. 230 
Merk on int<‘reellular bridg(‘s, 9(5 
Merkel on eross-striat(Mj muscle*, 183 

on <levelo])ment of conneelive-tissue fibri’s. 

117 

on larynx, 577 

on musel(* und(*r polarised light, IS.") 
on structure* of museh*. 187 
tactile cells of, 158 
on trachea and lung, 58(5. 589 
M(‘S(“nchyjn{*, 4, 102, 11(5 
Mesentery, 12(5, 415 

blood-sup])ly of, 350 
Mesocolon, 415 
Mesode rm, 3, 4 
Mesothelium, 4, 82 
Metabolism, (52 
Metakin(*sis, 44 

Meta])hase of nuclear di\ ision, 41 
Metschnikoll on ehemotaxis, 70 
on ])hagoeytosis, ()(5. 388 
Met/aier on alveoli of serous glands, 428 
on (*ell-granul('S, 22 
on crescent -Cells, 517 
on dc'position of fat. 129 
on fat-glo bull's, 23 
tixing- mixture of, 436 
on nucleoli, 37 
on oxy-ehromioles, 35 
VOL. If. PARI’ T. 


Motzner on salivary glands, 520 
on .secretory granules, 436 
on stornaeh, 536 

on sub maxillary gland of kitten, 515 
Meves on amphibian thrombocytes, 303 
on eentrosornes, 30, 31 
on ehondre)somes, 24 

on development of connective-tissue fibres, 
117 

of striated muscle, 103 
on function of nucleus, 58 
on karyokinesis, 41 
on leucocytes of Nalamaiidra, 390 
on mitochondria, 24 

on secretion-changes in kidney-cells, (501 
on s[H*rmatogenesis, 642 
oil spermatozoa, 92, 642 
on structure of nucleated ('rythrocvtcs. 
372 

Mevburg on bone-structure, 153 
Ml ‘Vi'C, A. \V.,on regi'neration of lymph-glands 
after excision, 405 

on stomata of serous rncmbrani's, 417 
Mcyi'r, R., on iliict of (Jiirtner, 658 
Micella*, 10 

Michailow on alTcrcnt nerves of heart, 201 
on nerve-libres to heart, 32(5 
Microcytes (erythrocytes), 3(57 
M iero-lvm | dioey t(*s, .389 
Micro pyle, 52 
Mierosomes, 10, 24 
.Mill-brain, 294, 307 311 
Mil *s(*lier on eell-(*lu‘mistry, 11 
on nuclein, 1 I 
on protamine. 38 

V. Mihalkowicz on structure of testis, 642 
Milk-gl()bul(*s, 482 
Milk-te(*th, 1(59 , 503 

.Miller, J. \\\, on involution of corpus lutcuni, 
(557 

Miller, W. S., on kidney, 601 

on number of Malpighian coipiiseJcs, 594 
on tcrmdnatioiis of bronchi, 581, 588, 589 
on trachea and lung, 589 
Minot on cclbdcvt*lopm(*nt, 3 
on (^ytogcnic glands, 424 
on dcvi*li)|)mcnt of (*[)idcrmis, 459 
on life-bistory of cell, 2 
on m(*sothclium, 82 
on morpliology of (*rytbrocytcs, 38(5 
on ovary, 1557 
on si'ininal vesicles, (542 
on sinusoids, 347 
of adrenals, 684 
of liv(*r, 429 

on suprarenal eajisule, 683 
on uterim* musele during gestation, 6(54 
Mironeseu on islets ot l.angcrhans, 5(52 
Misch on reticulum inside n(*rv(*-cclls, 219 
Mitochondria, 24, 29, 439, 560 
Mitosis, 41, 51 

h(‘t(*rol ypica J, 51 52, 621 
bomotypiiail, 51 52, (521 
Mitotic (*cll-division. See .Mitosis 
Mitral ei lls, 289 
Mittclselieibe of musele, 176 
v. ■Mob) on proto))lasm of plant-ei 11, S 
Molecular layer of ccr(*l)cllar cortex, 396 
layers of retina, 290 
.Moll, glands of, 479 

3 .V 
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Mollicr on dovelopmont of erythrocytos in 
livor, :m 

on structure of spleen, 410, 411, 414 
Monakovv, bundle of. See Rubro-sjunal tract 
,Monast(*r, 44 

Monckeberg on n(‘rve-degeneration, 245 
on iKMiro-librils, 217 

Montgoinery on accessory chromosomes, 5b 
on nucleoli, 37 

Moore, B., on nerves of spletm, 414 

on rhythmic contractility of splecm, 400 
.Moore, d. R. S.,on formation of germ-cells, 55 
on sj)ermatogeM(‘sis, 042 
Morgagni, hydatid of, b2b, (>58 
Morgan on artificial astrosphcn^s, 32 
on artificitil [)arthenogcnesis, 57 
de Morgan on Haversian sj)aces, 152 
.Morncr on chondrin-balls in cartilage, 133 
Morris on (h'velopjnent of erythro(\ytes, 385 
Morriston- Davies on restoration of function 
in divided nerve, 241) 

.Most on ly m|»h- vesseds of ti'stis, (>42 
.Motor end-|datcs. Syn. Motor end-organs, 
254, 255, 25()-251) 

.Mott on d(‘st illation of s])ino-cer(4)ellar 
tracts, 300 

on regeneratifm of mn'va', 251 
.Mouche on lymphati(!s of cai’diac muscle, 201 
.Mouth, mucous membraiU' of, 441, 443, 487 - 
488 

Mucig(Mi or .Mucinogen, 80, 02, 437, 517, 528 
Mucin, 24, SO, 131, 517 
.Mucous glands, 515, 524 
of anus, 425 
of fcnnale ui’iOhra, (ib7 
of laryn.x, 575 
of mouth, -188 
of nasal [lassages, 485 
of (esophagus, 523 
salivary, 515, 5M5, 517, 518 
of stomach, 528 
of tongue, 480 
of traclusi, 570 

.Mucous membrane or mmnliranes, 01, 07, 
441 444 

blood-vessels, 343, 344, 443 
corium, 142 
(‘pithclium, 442 
genito-uriiiary, 441 
gl inds of, 444 

lymphoid tissue and lym])hatics, 405, 443 
nerves and nerve-plexusc's, 352, 443 
liajiilke of, 443, 488, 400, 520, 524 
letiform tissue in, 122 
rugic, 441, 523, 524, 527, 537, 573 
vent ro- pulmonary, 441 
See also under sfiecial organs 
.Mucus, 441 

Mneus-sem’eting cells, 23, 24, 88, 02 
.Miihhunann on pignumt in nerve-cells, 210 
.Muir, B.,on relation of bonc-inarrow to leuco- 
(5yte-})roduction, 300 

Miilhu’, H., on gland-cells and seendion canali- 
cmli, 433 

on nerve-endings in gastric and pancri'atie 
glands, 250 

in small intestine, 553 
on neuroglia, 207 

on secrction-canaliculi in pancreas, 501 
in glands of stomach, 530 


Miiller, 11., on development of bone, 103 
jlbr<‘s of, 208 
on marrow spaces, 101 
muscle of, 100 
on fierforating libre.s, 151 
Miiller, Johannes, duct of, 020, (i58 
on helieine arteries, 032 
on lymph-hearts, 300 
on lymph-laciime, 358 
.Miiller, .Jo.seph, on trachc^a and lung, 580 
.Miiller, V., on Baitholin’s glands, 007 
on Covvper’s glands, 042 
Miiller, W., on ellip.soids in spli'cn, 408 

on interstitial circulation in splecm, 412 
.Mulon on extract of carotid gland, 088 
Mummery on fibrils in dentine, 408, 508 
on nerve- fibrils in dimtine-tubules, 404 
.Munk on thyroid and myxiedema, 071 
Murray on pathology of thyroid gland, 071 
.Museh^ or muscular tissue: 
cardiac, 172, 107 202 

auriculo-ventricular bundle, 200 
blood -ve.ssels, 200 
ca|»illaries, 200, 324 
histogenesis, 201, 202 
lymphatics, 201 

nc'rve-endiugs in, 254, 320, 327, 328 
nerv< s, 201, 325, 320, 327 
cross-striated or voluntary, 172 104 
appc'araiices under polarisial light, 185, 
180) 

blood-vessels, JOl, 102, .343, 344 
(dianges during contraction, 181, 182, 
183, 184, 185 

cross-stiiated substancig 175-181 
dev(‘loj)ment, 102 103 
endings in temdon, lOO, 101 
libres! 171 183 
growth, 103 

history of work on, 180- I OO 
of ins(‘cts, ordinary tibres, 183 
wing-libr(‘s, 181-185 
lymphatics, 102 
nerv(‘-(‘ndings, motor, 254 25!) 

simsorv, 27!) 281 
nerv('s, i!)2 
red, of ra.bl)it, 102 
reg(‘n( 'ration, 1!)4 
in thymus, 070 

])lain or unstriped, 172, l!)4-107, 230, 
253 

blood-\ e.ssels, 107 
cell-bridg('S, 105 
centiiole, 104 

condensations (knotted) of cytoplasm, 
105 

contractile fibre-cells, 104 
dcvc'lopnient, 107 
fibrils, 104 

int('re('llular substance, 105 
lym])hatics, 1!)7 
nerves, 100 
nuclei, 104 
regeiu'ration, 107 
sites of occurrenc(‘, 1!)0 
Musch'-eells, fibrils in, 10 
Mu.se le-c(Mumns, 170 
Muscle-fibres, 131, 172 
Muscle- plates, 102 
Musek'-prisms, 180 
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Muscle-spindles, 279 

Musciilaris mucosjc, 442, 522, 524, 533, 537, 
552, 555, 660 
Muskelkiistchon, 186 
Myelin in nerves, 229, 232 

in red blood-corpuscles, 370 
Myelin- sheath. See Medvdlarv sl^eatli 
Myeloblasts, 377, 379 
Myelocytes, 379, 382 

Myeloplaxes, 169, 383. See Me<^akaryoeytes 
Myers- VV^ard on epithelium of epididymis 
and vas deferens, 93, 642 
Myoblasts, 193 

Myocardium, 321, 322, 324, 325 
Myxcedema, 671 


Nacukt on enumeration of blood-corpuscles, 
366 

N^agel on musculature of uterus, 661 
on ovary, 657 

on uterine muscle during gestation, 664 
Nageli on dev(‘lo])ment of leucocytes, 391 
micclke of, 10 

Nageotti on processes of ganglion-cells, 222 
Nails, 4, 98, 445, 458-463 
body, 459 
formation, 461 
growth, 462 
lunula, 459, 460 
papilla*, 460 
root, 450 

Nail-bed or Nail-mati ix, 447, 460 
Nares, posterior, 520 
Nasal duct, 91 
fossae, 4 

mucous membrane, 4, 485, 487 
lymphoid tissue in, 487 
of olfactory region, 485, 486 
of respiratory region, 485 
passages, 485- 487 
Nasmyth, membrane of, 500, 511 
Nasse on nerv(‘-dog(3neration, 251 
Ncbenkcrn or j)aranuclcus, VA) 

Ncbeiischeibc of muscle, 187 
Negri on caruiliculi in gland-cells, 25 
Negro, hair-follicles of, 465 
Nelis on canals in spinal ganglion-cclls, 219 
on cells of vagus ganglion, 212 
Nemilolf on medullatcd nerves of osseous 
fishes, 234 

Nerlich on ishds of Langerhans, 562 
Nerve-cells, 4, 208 227 

axon-2)roccss, 2011. 8co Axon 
axon-reaction, 212, 251 ^ 

basiphil grannies, 212, 213 
bipolar, 219, 222, 223 
oanaliculi in, 25, 219 
dendrites, 210 
development, 205 
multipolar, 219, 224, 225, 226 
neuro-fibrils in, 16, 216 -219 
nucleolus, 37, 211 
nucleus, 58, 211 
oxyphil-granules, 213 
pigment-granules, 219 
reticulum, 219 

of spinal ganglia, 221, 222, 240 
of sympathetic ganglia, 226, 240 
synapses, 213~2l() 


! Nerve-cclIs, trophosponginm, 219 
I types of, 225 

; unipolar, 219, 221, 222 

i Nerve-endings ; 

I afferent, 259 293 

annulo-spiral, 281 
auditory, 284 -288 

in cardiac muscle, 201, 254, 325, 327 
' in cross-striated musele, 192, 254-258, 

279 281 

efferent, 253-259 
, flower-spray, 28 1 

free, 273-277 
: gustatory, 283, 284 

hederiform, 275, 458 
olfactory, 288-289 
in organs of special sense, 281 293 
in plain muscle, 196, 197, 253, 254 
i secretory, 259, 432 

I in tendon, 277 

! visual, 289 293 

' Se(‘ also under special tissues and organs 

I Nerve-hbres, 203, 209, 228 237 
i alemmal, 231, 232 

axis-cylinder, 209, 210, 234-236 
I degeneration, 58, 213, 245-247 

i development, 242 245 

medullary sh('atli, 231, 232-234 
I medullatcd, 229 

I neurohnnma, 231, 234 

; nodes of Kanvier, 229 

non-medullated, 229, 231), 237 
pre-ganglionic, 232, 296 
! regeneration, 215, 247-251 

I size, 232 

i Nerve-fibre process, 210. See Axon 
Nerve-ganglia. See Ganglia 
Nerve-trunks, structure of, 238, 240 
sym])athctic, 240 
N(‘rvi nervorum, 240 
Nervous ne twork, 273 
' ])lexus, 273, 351, 352 

^ system, 203-320 

tissue, 1, 203 

I Nesbitt on devclopm(*nt of bone, 171 
I Neubert on glycogen in ])ituitary, 693 
I Neumann, sheath of, 498 
I on developmcait of erythrocytes, 385 
I on eiliatixi epitlieliiirn in cesophagus of 
embryo, 524 

on glycogen in cartilage-cells, 134 
Neural canal, 205 
(*ctoderm, 203 
groove, 203 

Neiiro blasts, 58, 205, 242 
Neurocyte, 209 

Neuro-fibrils, 16, 216 219, 235 
Neuroglia, 4, 203, 205, 207 
cells, 203, 205, 207, 306 
fibres, 205, 207 
Neurokcratin, 233 

Neurolemma, 209, 229, 231, 232, 234, 244 
Neurone, 209 
Neurone-theory, 213 
Neuro-spongium, 208 
Neutrophil granules, 23, 387, 388 
Nicoladoni on nerves of svnovial membranes, 
423 

Nicolaides on development of capillaries, 
355 
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Nicolaidos on intracellular devclojimcnt of 
crythro(;yt(‘s, 1182 

Nicolas on structure of nucleated erythro- 
cyte, 372 

Nictitating membrane, 345. See also Eyelid, 
third 

Niessing on s|)(‘rmatozoa, 542 
Ninth nerve, 432. See ( flosso])hary]igeal 
Nipple, 445, 453, 455, 45(1, 458, 480, 481 
lymphatics of, 45f) 

Nissl, bodies or granules of, 212, 213 
on continuity of nc»no-librils, 21(i 
•degeneration, 212, 251 
Node or nodi's of Hanvier, 229 
of 4'awara, 322 

Noll on formation of ( ryt hrocy tt s, 373 
on glaiul-c('lls of stomach, 530 
and secretory eanalieuli, 433 
on red eorpuseles in splecMi, 414 
Nordinann on cells of eoninctivi* tissms lOO 
Normoblasts, 375, 377, 379 
Norris on membram* of (‘rythrocytes, 370 

on rouleau-formation of erythro(‘vtes, 308 
Nose, 91, 92, 132 
Nostrils, 91, 445, 480 
No\'ikoll' on bon(‘-structure, 153 
Niudear nuunbrane, 33, 30 
network, 30 

Nucleated sheath of S(‘hwann. S(‘e Neuro- 
leinrna 

Nuclei ])ontis, 301, 3(t5 
Nu(4eic acid, 34, 38, 39 
Nuclein, 1 1, 33 
NmOeolus, 37, 41, 45, 59 
Nuch'oprotein, 11 
Nucleus ((M‘ll), 8 

chemical constitution of, 38 
detailed description of, 33 38 
function in cell-division, 50 
in geiu'ral metabolism, 57 
influence* on sccretion-jiroducts, 439 
involved in granule-formation, 24 
Nucleus (nei v(‘): 

anibiguus, 300, 303 
of Ifeehterew, 303 
<‘audatus, 317 
of (darke*, 290 
of Deiters, 303 
<Ientatus of c{'r(‘b(‘llum, 305 
of dorsal longitudinal bundle, 309 
emboliformis, 300 
globosus, 30(i 
of lateral fillet, 303 
lentieularis, 317 
red, 305 
te'cti, 300 

of tegmentum, 305 
See also the various cranial nerves 
Nussbaum on ciliated epithelium, 91 

on ('pithelium of kidney-tubules, 598 
on function of nucleus, 58 
on intiTcellular iilirils, 90 
on paranucleus, 410 
on ])yloric glands, 531, 530 
Nystrom on lymphatics of heart, 325 


Obi-uistiun KK on pigment in nerve-cells, 219 
Oculomotor nerve, 308, 309 
nucleus, 305, 308, 309 


Odontoblasts, 493, 508, 509 
Oecoid of Briicke, 372 
Oehl on muscle-bundle in heaj t, 324 
(Esophagus, 4, 90, 523, 525 

areolar or submucous coat, 522, 523 
blood-vessels, lymphatics, nerves, 524 
glands, 524 
of eajflia, 530 

inu(!ous membrane, 442, 443, 444, 523, 
524 

muscular coat, 522, 523 
musiadaris mueosa?, 524 
taste -buds in, 490 
Ogata on paranuck'us 440 
Ognetf on columnar cfiithelium, 80 
Ogston on cartilag(‘, 112 
Olfactory cells, 223, 288, 485 
epithelium, 4, 288 
glomeruli, 209 
hairs, 289 

lob(‘ or bulb, 28f), 310 

mucous membram*, 288, 485, 480 

nerves, 288 

r(‘gion, 185 

tract, 289 

Olivary body <>r Olive, 301 
Olivia* on action of pituitarv on blood-vessels, 
095 

on ad r(* rial (‘X tract, 083 
on enumeration of erythrocytes, 300 
Olliei* on transplanting pei iosteum, 170 
Om<*ntuni, 12(), 415 
Onddi on development of nerxc's, 242 
Onvehin or Onychogenic substance, 459. 4(>2 
Oocyte. 51, 54 ‘ 

0|)ie on islets of Lang(‘rhans, 501 
Oppel on Brunn(‘i''s glands, 548 
on reticular tissue. 125 
on reticulum of s])l(H‘n, 414 
on stoma(‘h, 530 
on structure of livi'r, 507 
Optic disc, 292 

nerv(‘S, 240, 292 
thalamus. Sei^ 44uilamus 
tiact, 292, 310 
Ora seriata, 1 01, 293 
Orbital gland {cat and dog), 515 
Organ of Oorti, 4, 285 
of Oiraldes, 027, 058 
of Oolgi, 279, 281 
of Kosenmiillei*, 057 
Organon adarnantina% 507 
Orsds on shape of eiythroeyti's, 307 
Os uteri, 000 

Osborne on regeneration of nerv(*s, 250 
Osk'r on my(‘loeyti*s, 383 
Osmatic animals, 288 
Osseous tissue. Sec; Boric*. 

Osteoblasts, 158, 170, 512 
Osteoclasts or Ostoclasts, 1()3, lf)9, 170, 383, 
513 

( )sti‘c>clentine, 500 
Ostc'ogen, I5() 

Osteogenic; fibres, 150 
Ostcaiporosis, 1 05 

Ostnimolf on nerves to sweat-glands, 478 
Oswald cm fc*rtilisatic)n of ovum, 57 

on radiating structure; of astrosphere, 

20 

Otoliths, 285 
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Ott on action of pituitary on blood-vessels, 059 
on ganglia in heart, 327 
on hormones for milk-secretion, 481, 057 
on parathyroid and tetany, 070 
Ova or Ovum, 3, 51 50, 040 053 

albumc!! or granular covering, 049, t)50 
astrosphere absent after maturation, 57 
centrosome absent after maturation, 57 
chemotactic action on spermatozoon, 70 
extrusion from (haafian follicle, 045, 
040 

maturation of, 51 5(), 051 

germ-nucl(,‘us or ftMuale pronuclcus, 
51-50, 051 

])olar glolndes, 51, 52 
reduction-division, 52, 54 
synapsis, 51, 54 

nucleolus or germinal spot, 51, 049 
nucleus or germinal vesicle, 51, 048 
primiti\ (‘, 044 
vitcllus or yolk, 048 
zona radiata (»r pellucida, 048, t)5! 

Ovaries or Ovary, 424, 425, 429, (>42 (>57 
blood- v(‘sscls, ()55 
change's after menopause, 053 
corpus all)icans, 043 

luteum, ()42, (>43, 053 (155 
formation of, 053-054 
internal secretion of, 055 
I'ormation, 4, 050 
germinal e[)ithelium, 014. 050 
egg-tul)(\s, 429, 014, 050 
primitive ova, 044, 050 
(Iraalian follicles, 429, 042, (143-040, 

050-053, 055, 057 
ati’csia, 053 
blood-supply, (i4^> 
disems pi'oligerus, 045, (>52 
formation, 050 -053 
liquor folliculi, 045, 051 
mernbrana granulosa, 045, 052, 054, 
057 

primitive, 050 
stigma, 040 
tbr'ca, 045, 053, 054 
hiluni, ()43, 057 
interstitial cells, 043, 044, (>53 
lymphat ics, 057 
nerves, 057 

I’acinian eorfuiscles in, 057 
stt'oma, 043, (544, (550, 053, (555 
tunica alhuginea, (543 
zona vasi'ulosa, (555 
<)\'erton on c('ll -lipoids, 1 1 
on lipoid merribr'ane, 28 
on reduction of chi'omosomcs in gymno- 
sperms, 50 
Ovula Nabothi, (502 
Owen on osh'odcntine, 50 
Oxidase, 39 
Oxy-chromatin, 34 
O X V' - c h r'o m i o 1 es , 3 5 

Oxygen, clu'motaetic acti(jn of, on certain 
organisms, 70 

ncecssary for ciliary movement, 7(5 
for contractility of ])r’oto-plasrn, 09 
Oxyntic cells, 531 
Oxyphil granules, 23 
in leuco(*yt('s, 389 
in nucleus, 34, 35 


Oxyjihil granules in red blood-corpuscles, 309 
Oyania on development of hair, 472 


Paalzow on amcoboid movement, 77 
Pacinian corpuscles, 200, 2(50-271 
artery of, 270 
core of, 208, 270, 271 
disco vmy of, 200 
nerve-Hbr’c of, 209 
tunics of, 2(58 

sites of occur'rr'tice, 207, 2(58 
abdominal aor*ta of rnatr, 351 
adverrtitia of hlood-vessels, 351 
areola of mamrrrarv gland, 484 
clitoris, (5(57 
inferior vena cava, 351 
nails, 4(51 
ovary, (557 
penis, (535 
])eriosteitm, 153 
])rostate, 041 
serous membrarres, 419 
skin, 458 

synovial membranes, 423 
terrdon, 281 

Pair’ed bodir's of elasmobranchs, 085 
Palat(‘, liard, 487, 490 
soft, 91, 487 

V, Oalczr'wska on car’diac rnrtscle, 198, 202 
Pampiniform ])lexus, 055 
Pancrc'as, 433, 557 5(52, 5(53 
blood- V('ssels, 5(51 
dev('lo|)rn('nt, 557 
drrets, 557 

etfe<*t of ('xtirpation on ])itiritary, (59(5 
as (‘xter rial ly secr eting gland, 424 
as internally sc'cr’ctiirg gland, 425 
islets of Larrgerhans, 5(51, 5(52 
lyrnpliat ies, 5(51 
nerves, 5(51 

secretory eanalimili, 433, 5(50, 5(51 
cells, 433 

granules in, 435, 43(5, 559, 500 
paraiiiK'leus in, 440 
stfueturc', 557 

IVinder, Idood-islatids of, 353, 373, 37(5 
on (h'Velojmu'tit of er’ythr'oeytes, 37(5 
l^inetli on crypts of Lieberkiilirr, 54(5 

on epith(*lium of bladth'r- and ureter, (509 
on intestinal glands, 533 
l*ani/za on lyrnphatii; hearts, 3(50 
Parrkul on function of anriculo- ventricular 
bundli', 200 

l^lnnicullls adiposus, 125, 452 
Papilla or Pa|)ilhe; 

ciren nival late, 190 
conical, 490, 491 
in corona gland is, (528 
d('ntal, 503, 507, 509 
filiform, 491 
foliata, 284, 491 
fungiform, 490 
in hair, 4(54 , 4(58 , 4 7 2 
of kidney- pyramids, 590 
lingual, 49(), 491 

in mucous membranes, 441, 443, 444 
in nail, 4(50 

in skin, 446, 454, 455, 456 
capillaries of, 344, 455 
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Papilla or Papilho, tactile, 458 
vaHcillar, 458 
Papilla-hair.s, 474 
Papillary layer of derma, 45!} 
musel('s, 522, 525 

Pappenheim on development of lencocvtes, 
501 

Papptmhelmor on lymphocytes of thymus, (370 
Parablast cells of Ifis, 4, 57(i 
Paradidymis, 627 

Paraganglia, 4, 627, (368, 685, 686 680 
al)dominal, 680 
devel()])ment, 687 
sites of, ()80 
Parahypophysis, 605 
i*aranucleolus, 57 

Paranucleus, 24, 26, 50, 60, 440, 550, 560 
Paraplasni, 10, 27 
Parathyroids, 4, (»68, 672 (>76 
function, ()75 
origin, (>74 
sinusoids in, 547 
structure*, (>74 
vesicles in, 674 
l^araurethral ducts, 667 

Pardi on dcv(‘loj)ment of hlood-corpuseles, 582 
on vasoformative cells, 555 
Pareleidin, 449 

Par(*nchymatous eartilag(‘, 140 
Parietal c(dls in fundus glands, 551, 552 
in pyloric and Prunner’s glands, 551 
Paroophoron, 642, 658 
Parotid duct, 51(5 

gland, 425, 453, 515, 516 
nerves, 452 

s(^cr('tory eanaliculi, 455 
granules, 455, 456 
structure, 516 
Parovarium, 642, 657 658 
Pars ciliaris n'tirue, 101, 205 

internu'dia of sevc'Uth nerve, 501, 505 
Parthenogen(‘sis, ai’tilicial, 57 
Particles, stainahlc, of Flemming, 402, 408 
Parturil ion, uterus after, (564 
Paton on leucocytes, 588 

f)n removal of thymus, (580 
Paul on development of dentine, 508 
Paulesco on removal of pituitary, 695 
Pauli on colloidal solutions, 1 1 
Pavenu'nt epith(‘lium, 85 85 
IVarce on islets of Langerhans, 5(52 
Peiser on alveoli of comj)ound glands, 428 
Pella(!ani on structure of spermatic (’ord, 642 
l*elvis of kidiH'y, 4, (502, 605 
Penard on ciliated cells, 75 
Penis, (527-655 

adipose tissue absent in, 126 
blood-vessels, 631, 632, 633, 634 
corpora cavernosa, 629 -653 
corpus spongiosum, 655 
glans, (328 

integument, 627, 628 
lymphatics, (3!}4 
nerves, 655 
root, 477 

suspensory ligament, 629 
i\msa on islets of Langerhans, 561 

on striated muscle in thymus, 679 
Pentimalli on leucocytes of frog’s blood, 390 
Pepsin-forming cells, 531 


Perforating fibres in bone, 150 
in crusta petrosa, 500 
Periaxial space, 280 
Pericardial space, 521 
Pericardium, 109, 324, 415 
Perichondrium, 109, 132 
Perikaryon, 9, 209 
Perimysium, 175 
internum, 323 
Perineurium, 2!J8, 244, 268 

continuous with sheath of Henle, 240 
Periosteum, 109, 115, 142, 155 
function, 155 
' vascularity, 115 

vessels and nerves, 155 
dental, 492, 500 
Peritoneum, 415 

Permanent teith, development of, 512 514 
! Perna on structui’c of pituitary, 696 
I Pernicious aiuemia, microcytes in, 567 
I Perroncito oti motor end-organs, 251 
I on regeneration of iK'rve, 25 I 
I l\‘rtiek on reagents affecting medullary 
sheath, 252 
' Pes ])edunculi, 508 
I Pet(‘r on ciliated c(dls, 73 
J on course and structure of kidney-tubules, 

I 601 

I Peyer’s patelu'S, 547, 548-550 
! Pfaundler on vessc'ls of suprarenal eapsuhs (383 
i Pfefferon chemotactic action on sp(?rmatt)zoa,70 
' l^feidfer on elastic fibres, 105 
Plitzner on r(*generation of plain muscle, 197 
; Pfiiiger on ovary, 644, 657 
' Pfortner on carotid and coccygeal glands, 689 
, Plueochrome-cells of Winiwarter, 657 
PluTochromocytes, 682. 8ee (Jhromaffin oi* 
chroma phi 1 cudls 
IMiagocytosis, 77, 598 

of erythrocytes in hamial lymph-glands, 
405 

in lyniph-glands, 400 
in spleen, 412 

Phalanges, ossification in, 168 
l^haryngeal tonsils or adenoids, 520 
Idiarynx, 4, 91, 92, 96 

mucous nu'mbrane, 441, 443, 444, 487 
Phear on leucocytes, 388 
Phosphorus in cells, 11, 58 
Phototaxis, 71 
; Pia mater, 297, 520 

■ Piazza on connective tissue of ])ancreas, 557 
' Picton on colloidal solutions, 11 
Piersol on structure of spermatozoa, 642 
Pigment-cells, 108, 109 
I of pia mater, 108 

i Pigment-granules, 27, 94, 1(30, 101 
i in C(*lls of connectiv'c tissue*, 108 
I of epidermis, 450, 451 

of vesicuhe seminales, 614 
I in hairs, 467, 473 

in liver-cells, 570 
in lymph-glands, 400 
in spleen, 407 

Pigment- layer of choroid, 108 
of retina, 98, 100, 290, 293 
j Pineal gland, 4 
I Pinkus on hairs, 465 

Pipere on parathyroids imbedded in thymus, 
670 
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Pith of hair. 8ce Medulla of hair 
Pituitary body, 4, 068, 689 -090 
blood-vessels, 697 
developnKMit, 668, 694, 695 
lymphatics, 697 
pars anterior, 691, 696 
])ars intermedia, 691, 692, 696 

colloid or liyaline substance in, 692 
pars nervosa sen posterior, 691, (>93, 696 
hyaline substance in, 69:i, 694 
pathology, 6! 16 
physiology, 695 
Piwowarow on leucocytes, .488 
Pizziiii on granules of kidney-tubules, 601 
Placenta, 447, 450 
Plasma of blood, 465 
Plasma-cells, 108, 129, 158 
Plasmasomes, 24 
Plasomes, 24 

Plato on interstitial cells of testis, 642 
Pleura, 588 

lymphatics of, 589 
lymphoid nodides in, 589 
Plexus or Pl('xus(‘s : 
cardiac, 201 
endocardial, 426 
lacteal, 550 
lymphatic, 460 

myentericus of Au('rba(*h, 227, 522 
nervous, 274, 451, 452 
])ampiniforni, 655 
subcutaneous vascular, 45() 
subendocardial , 426 
siibepithclial, 458 
su})mucosus of Meissner, 227, 522 
subpapillary, 456 

Ploseliko on nerves of trachea and lung, 589 
Poirier on lymphatics of Pallopian tub(‘S, 660 
Polar globuh'S, 51, 55 
Poljakolf on deposition of fat, 128 
Polymorphocytes, 488 

Polymorphous cells of cortt'x e(‘rebri, 412 
leucocytes, 488 
Pons, 294,‘401, 402, 404, 404 
Ponto-(‘erebellar tiljres, 402 
Ponzio on nerves of trachea and lung, 589 
Ponzo on taste- buds, 490 
Popoff on m-twork in nervc-eells, 26 
Portal canals, .567 
Potassium in cells, 11 
in musch'-tibres, 189 
Poueht't on d(‘velo])nient of teeth, 514 
Pr(‘-adiposc tissue, 128 
Prees on end-bull)s in nerv't -trunks, 240 
Prenant on carotid and eoeeygeal glands, ()89 
on cell-struetui’e, \) 
on multi))le division of nucleus, 44 
on parathyroids, 674 
on sj^ermatogiMiesis, 642 
Pr(“pucc‘, 97, <>27 
Primary areohe, KiO 
Ihiniitive fat-organ, 140 

sheath. Xeiu'olcmma 

Pringle on am])hibian thrornbocyti's, 494 
Prodentine, 494, 508 
Projeetion-lil)res, 41 6 
Pronueleus, femahg 52, 57 
male, 54, 57 

Prophase in division of germ-C(dls, 51 
Proprio-spinal fibres, 297 


Prostate gland, 4, 425, 626, 649-641 
amyloid bodies in, 641 
capsii Ic, 640 
vessels and nerves, 641 
Prostatie ducts, 6.35, 641 
fluid, 641 
sinus, 645 

utricle or vesicle, 4, 640, 640 
Ih’otamine, 44, 49 
Proteus animaleule, 62 
Proto meies, 24 
Protoplasm, 10 

chemical constitution, 10 
contractility, 68 

effect of electrical and otlua’ stimuli, 69 
movements, 15, 21, <>2 
structure, 14 
vital phenomena, 61 
Przewoski on cardiac muschg 198 
Pseudonueleoli, 47 

Pseudopodia or Pseudopodium, 21, 64 
varieties of, 64 
Pseudostomata, 445, 417 
Pulmonary alveoli, 4, 584 
artery, 586 
veins, 587 
Pulp of spleen, 406 

of tooth, 494, .507-508 
develo])ment , 507- 508 
deidal [)apilla, 506 
sac, .508, 512 
blood-vessels, 494, 512 
cells, 494 
fibres, 4t)4 

jelly-like connective tissmg 494 
lymphatics, 494 
nerves, 494 

odontoblasts, 494, 508, 509 
})rocesscs of, or l\)m('s’ fibres, 194, 
496, 509 

Purkinje, cells of, 224, 225, 406 
germinal vesicle of, 648 
membrane adamantitue of, 507 
on protoplasm of animal cells, 8 
Piitter on ciliary moveimmt, 76, 77 
Pyiamidal cells of cortex, 412, 414 
Pyramid-bundles of pons, 405, .508 
Pyramids of medulla oblongata, 400, 401 
of Mal]>ighi in kidm^y, 590 
Pyrainid-tract, 296, 400, 4bl, 417 


QuKiescHKi HE of muscle, 187 
Quincke on ammboid movi'inent, 76 

K viu. on ehromosonu's, 4t) 
on fat-globules, 127 
on karyokinesis, 41 
on keratohyalin, 447 
on ])ara nucleus, 66 
on pig»m*nt-eells in skin, 4.')4 
on suprarenal of bird, 684 
Habl-ivUekhard on anneboid movenumt of 
dendrites, 211 
Racemose glands, 427, 444 
Rachanon on Pacinian eor|)Uscles in large 
blood-vessels, 451 

Radasch on shajjc of (‘rvthroeytes in child, 
466 



728 IxNDEX 


Haincr on dcnclopnu-nt of lym})hatics, 3(33 
on lynijih-^^lands in heart, 397 
Kainoy on capillaries of lungs, r)8fJ 
on Haversian frintri's, 420 
on seeotidary fringes, 423 
Jtainsden on ineehanieal agitation of colloidal 
solutions, 12 
on surfaee-lilnis, 21 

llainstrdni on end-hnlhs in peritonruin, 2()3 
on Pacinian corpusel(‘S, 207 
Kainus eommunicans, 237 
Kandnitz on e(‘llM of connective' tissue, KHi 
Kaiison on non-nicdullat('d nerves, 230 
Jtanvit'r on arterie'S, 334 

on l)lood-su])|)lv of sympathetic ganglia, 
350 

on boiH'-struet ure*, 153 
on cartilage, 142 
on colls of connect ive-tissu(', JOt) 
on elasmocyte's, 107 
on eoniK'ctivi'-tissue fibres, 117, 118 
on constricting band of nerve- lilrres, 

220 

constrictions or node's of, 220 
e r’f)ss(‘s of, 22!) 
on euoss-stiiate'd muscle, 183 
on deve]o|jm('nt of from', 103, Itib 
of ea pillarie'S, 355 
on elastic fibre's, 100 
on e'le'ielin, 04, 447 
on eleidin-granules of hair-, 472 
orr etrding of muscle in te'ndorr, 101 
on fibre's erf m'ur-erglia-CH'lls, 208 
eui formation of lymph- ve sse'ls, 350, 301 
on h('deriform nci ve'-e'ndings, 275 
e)n inter’ce'l Ildar fibrils, !)0 
on intrae'e'llular devele>|)ment of e'rvthro- 
cyte'S, 381 

ern lymphatic he'aits, 300 
on mode erf I'e'jilace'tnent of hair, 474 
em motor end-organs, 257 
on tnirsch^ unde*r' perlarise'd light, 180 
on ner ves of hairs, 471 
erf shin, 457 

on 1‘cel and pale' muscles, l!)0 
ern r’cgene'i’ation erf ne'i ve', 24!), 250 
ern re'trolingual glanel, 518 
on sweat-glands, 478 
ern tactile eerrpuscles, 202 
menisci, 270 
tactile rnenisea erf, 457 
vaserferrmative' ce*lls erf, 381 
Raphe' of meelulla obkrngata, 2!)!) 

Rather-y on gr-anule'S in hielney-ea'lls, OOl 
Raube'r ern intestinal villi, 538 
Rautrnann on Bartholin’s glariels, 007 
Uawitz on eentroserme's, 31 
Re ce'ptaculum ediyli, 302, 551 
eie'va'lopment erf, 302 

V. Recklinghausen ern Ivmphalic lacurue in 
frergi 358 

Saftkanalehen of, 102 
staining method of, 5, 102, 350 
on stomata, 417 
Rectum, 553 

mueious me'mbraru' of, !)0, 441, 445 
Re'd riuclems, 305, 308, 310, 317 
Redue tion-divdsion of ovum, 52 
erf ge'rm -cells, 54 

Referrel on lenioval of pituitary, 0!)5 


t Rerganel on .secretion-granules of pancrea.s, 5(50 
Re'generation of bone', 170 
of conne'ctiver tissue, 122 
of nerves, 245, 247, 248, 24!), 250 
of plain muscle, 107 
of striated muscle*, 104 
Reichert on luernoglobin crystals, 371 
Rein on development of mammary glanel, 484 
Reinke, crystals erf, (525 

ern crystals in interstitial cells of testis, 
(542 

on fibrerus sulrstarrce' of hairs, 4(53 
on neui’erglia, 207 
on vercal corels, 577 
Reissner, membrane of, 285 
Re'inak on cell-division, 3!) 
on cilia in stomata, 358 
on de've'lopmcnt of erythrocytes, 37(5 
ern ganglia in stomach, 535 
ern ganglion-ce*lls of heart, 32(5 
on parathyroiels, (573 
Rcniculi, 5!)0 

Rennie on islets of Langerlians, .5(51, 5(52 
Renson on spt'rmatogem'sis, (542 
Repr’oelueti\ i' err gans : 
fe'inale, (542 (5(57 
male, (5 10 (542 

Respiratory systi'm, 485, 574 58!) 

Rete mir'airih' erf (lalen, 320 
mucosiim, 41(5 
te'stis, (512 

Jippe'ueiix' erf, (52(5 
tirbulcs erf, (512, (515, (518 
Reticrrlar err Retibrrm tissrre*, 4, 102, 103, 
122 125 

ill bone-mariervv, 127 
capillaries erf, 345 
eh'velerpme'ut of, 125 
in irrtestines, 4 13 
in kielne'v, 5!) 7 
in liver, 5(57 
in lymph-glands, 308 
in seeae'ting glands, 430 
in serlitary glands, 548 
in sple'cn, 40(5 
in stermae'h. 443 
in thyroid, (5(58 
Reticrrlin, 123 

Reticulum erf lymph-gianels, 123, 308 
erf lym]rh-lissue, 122 125 
of me'elullaiy she'ath, 233 
in ne'r\ e'-eclls, 218 
erf prerterplasm, 18 
erf .se'ci-eting glands, 430 
ejf thymus, (57(5 

Retieulum-ee'lls erf lymph-glanel, 400 
of s]rle'e'n, 40(5, 407 
erf thymus, (577 

Retiform tissm*. See* Re-tieulai- tissue 
Retina, 4, 223, 28!)-2!)3 
Retinacula e utis, 452 
Retrolingual glanel, 518 
Re'tte'rer on elcve'lo|rme‘nt erf peads, (534 
ern libr’erus substance' of hairs, 403 
Retzius on biliary e*analicedi, 5(5!) 
ern cartilage, 142 
on ehrermoplasts, 3(5 
corjrusclcs erf Key anel, 273 
ern cross-striateel muscle', 184, 187 
on elevelopment of bone, 1(50, 104 
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Rotzius oil genital end- bulbs, 2()0 
on giant-cells of marrow, 384 
on gland-eellH and sccrction-canaliouli, 

433 

on (Iraalian follicles, tioT 
on multipolar cells at terminations of 
sym])atlietie m^rves, 227 
on n(‘rvt!-endings in glands, 432 
in mucous membranes, 27r) 
in salivary glands, 2r)l> 
on n(‘rv(‘S of blailder and ureter, 
of hail's, 471 
of kidney, bOl, ()(I2 
of larynx, 577 
of ovary, ()57 
of testis, ()24, r)42 
of traclu'a and lung, 581) 
on TK'rvous systmii, 200 
on neuroglia-cells, 208 

on non-medullated fibres round spinal 
ganglion-cc'lls, 222 
on msophagus, 525 
on ovum, 040 
on perineurium, 238, 230 
on spermatozoa, 042 
on spleen, 4M 
ReyhcT' on cartilage, 142 
Hlu'otaxis, 71 

Rhumbler on anurboid movenumt, 77 

on apjiearanees in dividing nueU us, 13 
on eell-lij)oids, 11 
on colloidal solutions, I I 
on consistence of nucleus, 38 
on external layer of aimeba, 11 
on karyokinetie ligur('s, 50 
on mechanism of karyokiiu'sis, 50 
Richardson on size of erythro(\ytt‘S, 300 
Ri(;hter on structure of lymph-glamls in 
domestic animals, 401 
Riehl on pigmentation of haiis, 473 
Ries on maturation of ovurn, 52 
Rirna glottidis, 574 

Rindfleisch on formal ion of eryl lirocytt's, 385 
on sliapc^ of (“rythroey tes, 308 
on veins of marrow, 154 
Ringer on eas(*inogen solutions, 12 
Riqui<‘r on c(‘lls of coi pus liiteum, 057 
Rivinus, ducts of, 518 

Roberts, 11. H., on numbei' of erythroeyles 
in infant, 305 

Roberts, W., on action of tannic acid on 
erythrocytes, 301) 
on staining of (‘ryl In ocytes, 370 
Robc'rtson, Ford, on neuroglia-eel Is, 205 
Rolrertson, T. Ih- on aimeboid movement, 
71) 

on cell-osmosis, 21) 
on chemotaxis, 70 
on ciliary movement, 78, 71) 
on museh' eontraetion, 181) 
on protoplasmic movement, 71) 
Robertson, VV. F., on luernal 1 vni])h-glands, 
402 

Robin, myelo})la\es of, 383 
on urethra, 037, (■)42 

Robinson on position and fieritoneal re- 
lations of ovary, 057 

Rod- and cone-crdls of retina, 223, 21)0, 21)1 
Rodded cells of kidney, 51)8 

structure in sheath of nerve, 234 


Rods of Corti, 287 

Rolleston on suprarenal capsules, 083 
Rollett on muscle, 188, 11)0 

staining method of, 181, 182 

on stomach, 530 

on stroma of mythrocyte, 301) 

Roneoroni, tibr'r' of, 211 
Root -ganglia, postruior or dorsal, 221 
Rootlets of cilia, 72, 73, 1)1 
Root-sheath of hair, 407 
cuticle of, 407 
inner, 407, 408 
outer, 4t>7, 4t)8 

Rose on (h'velopmeiit of teeth, 501, 507, 
514 

on fibres of dental pul}), 41)3 
on sheaths of Neumann, 41)8 
Rosenhof on ammboid movement, 02 
Roscmmiilk r, organ of, t)57 
Rosenstadt on cell-bridges of rete mueosum, 
440 

on e|)itriehiurn in bird-i'inbryo, 450 
on sebaceous glands, 470 
Rossi on reticulum in nerve-cells, 211) 

Roth on vasa aberrant ia of testis, 020 
Rothig on development of (M)nneetive-tissu(^ 
Hhrx's, lit) 

on staining of elastic lihres, 105 
Roug(‘t on ca[)illaries of rabbit’s nu'sentery, 
310 

on d('V('lopnu‘nt of cartilage, 140 
on hyaloid nuunbrane of frog’s eye, 345 
on motor C'lid -organs, 250, 258 
Round ligaments, 004 
Roux on dividing nucleus, 50, 57 
on |)ur])oso of karyokimvsis, 50 
Rubaschin on neuroglia, 207 
on secre t ion-canaliculi, 433 
Rubro-spinal tract or bundle' of Monakow, 
21)0, 300, 310 

Rudlx'ig e)n inlluenco of X-rays on thymus 
ceirpusch's, 07!) 

Rugm of blaejeler, 007 
of gall-l)la(kle'i', 573 
of large intestine, 523 
of mucous membranes, 441 
of (esoj)hagus, 523, 524 
of stomach, 527, 023 
of vagina, 005 

Rullini, corpuscles eef, 205, 458, 4)>l 

on eorpusch's of ( h_)lgi - Mazzoni, 205, 

200 

on muscle-spindles, 27!) 

Riilile on kidney, 002 
Rusconi oil lynijihatic laeurue, 358 
Russell on enumeration of blood-[)lat(4ets, 
31)2 

Russo on formation of zona ])ellucida and of 
liejuor feillieiili, 057 
Ruyseh on ej)ith(4ium, 82 
Ruzicka on e-e'll-granules, 22 
on cell-structuri', 1) 
e^n functions of nuele*us, 58 
on staining of neuio-tihrils, 217 
van Rynbe'ck on pigment-cells, 101) 


Saai'kld on Tyson’s glands, 042 
Sabin on devedopmemt of lymph-glands, 404 
of lymph- vessels, 301, 303 
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♦Sabouriri on liver- structuro, 570 
Sae, dental, 508 
♦Saeeiile of vestibule, 284 
Saccules of larynx, 574 
Saeerdotti on nerves of thyroid, 072 
Sacharolf on eosinophil ^ranul(‘s, .*0)0 
Saftkaniilchen, 102 
Sainmont on oogenesis, 057 

on formation of germ-cells, 55 
Sala on development of lymph- vessels, 303 
on multipolar cells at terminations of 
sympathetic nervi's, 227 
on nerves of pancnnis, 501 
on Pa(‘inian corpuscles, 270 
on reticulum of medullary sheath, 233 
on secretory canaliculi in pancreas, 501 
Salivary glands, 425, 515-520 

cell-changes during secretion, 434-440 
ecmtro-aeinar cells in, 550 
development, 518-520 
ducts, 430 

nerve -endings in, 250 
-supply, 432 
parotid, 510 
sublingual, 518 
submaxillary, 510, 517 
structure, 428, 430, 432, 433 
Salter on dentine of repair, 500 
Salvioli on lymphatics of heart, 324 
Sandstrom on parathyroids, 072 
Santorini, cartilages of, 574 
duct of, 557 

on pulmonary veins, 587 
Sappey on seminiferous tirlmhvs, (>10 
Sai’code, 8 

Sarcolemma, 175, 181, 101, 197 
Sarcomeres, 182, 184, 185 
Sarcoplasm, 177, 178, 179, 181, 184 
gi’aniiles in, 184, 185 
Sarcostyles, 177, 181, 183 
Sarcous elements, 177, 182, 183, 184 
substance, 182, 183 

Sauer on uric acid in cells of convoluted 
tubules, 002 

Sauerbach on islets on Langerhans, 502 
Savagnonc on nerves of pituitary, 093 
Saxer on development of er’vthr’ocytes, 379, 
380, 382 

of leucocytes, 391 
of lymph-glands, 403 
on vasoformative cells, 355 
Scaflidi on ])ituitary body, 092 
Scarf-skin, 445. See Kpidminis 
Schaap on (5)W])(‘r’s glands, 042 
Sehaofrpi on columnar ejhthelium, 80 
Schafer on adrenal extract, 083 
on amooboid movement, 03 
on canaliculi in liver-cells, 20 
on cells of Clarke’s column, 213 
on ciliar’y movement, 77, 78 
on development of blood-vessels in con- 
nective tissue, 354 
of Graafian follicles, 057 
on functions of pituitarv body, 094, 
095 

on glands of caidia, 530 
on granules in cells, 22 
on hormones for milk-secretion, 484, 057 
on inti’ar'cllular canaliculi in liver-cells, 
508 


; Schafer on intracellular dcveloj) merit of 
! erythrocytes, 381 

I on leucocytes in intestinal villi, 395 
I on McDougall’s hypothesis of muscle- 

1 structure, 188 

i on mammary glanrl, 482 

on mucin granules, 24 
on nervc-cells in ventral roots of spinal 
nerves, 212 

' on nerves of spleen, 414 

on perforating fibres of bone, 151 
on perivisceral fluid of echinoderms, 
392 

on pigment-cells in skin, 453 
; on pituitary, 095 

on protoplasm of leucocytes, 387 
on pseudopodia, 21 

on rhythmic contractilitv of sph'cn, 
406 

sarcomeres of, 182 
sarcostyles of, 177 
on shape of luyf hroeyf es, 307 
on staining of erythi-ocytes, 370 
on structure and development of bone, 
150 

on structure of erythrocytes. 300, 373 
of muscle, 177, 184, 189, 190 
I of frrotoplasnr, 18, 387 

on term neuron, 209 
on theories of niiisele-contraction, 189 
on yolk-nucleus in fowl’s ovum, 00 
! Schaffer on Briinner’s glands, 548 

on cells of coirnective tissue, 106 
on crypts of Lieberkiihn in stomach, 
533 

on development of mandible, 170 
on epithelium of epididymis, 042 
' on erythroblasts in thymus, 079 
orr glands of u;‘SO])hagus, 530 
on stomach, 530 
on structure of fossil bones, 153 
on vas deferens, 042 
8chachowa on kidney-tubules, 595 
: Sehaptu’ on carotid and (.‘occvgeal glands, 
084 

orr development of sympathetic, 214 
on ])arathyroids, 073, 075 
j Schaudiiin on ciliated ('ells, 73 
I Seh(‘rrtetkin on sensory end- plates in arteries, 
i 351 

Sehenck on development of n(*rv('s, 242 
Seheunert on Brunmu 's glands, 548 
Helrielferdeeker on staining of neuio- fibrils, 
i 217 

Belli rnmelbuseli on wliite thrombus, 392 
Behlaeta on prc'state, 042 

Sehlater on dilferential staining of ccll- 
gr'anuk's, 23 

Sehleieher on division of cartilage-cells, 141 
I Belileidcn on eell-struetun', 8 
Schmaltz on (;pithelium of immature tubules 
of testis, 042 

Bell mid on colloid of thyroid, 070 
Schmidt on conieo-eylindiieal segments, 232 
, Schmidt, M. B., on islets of Lang(irhans, 

I 504 

i Sehmineke rm rogenc'ratiori of striated museki 
194 

: Selincidci'ian membrane, 185 
Sehobel on tactile hairs, 470, 471 
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Schoppe on urinary roncrctions in kidney- 
cells, 002 

on urinary organs of molluscs, 001 
Scliregcr’s lines, 497 
Schrciber on parathyroid, 075 
Schreiner, A. and K. E., on formation of germ- 
cells, 55 

Schridde on cell-granules, 22 

on development of hlood-eorpuseles, ,478 
of leucocytes, 491 
on giant-cells of marrow, 484, 484 
Schuberg on cilia of ])rot()zoa, 79 
Seliuhmaeher on eaiotid and eoeeygc^al glands, 
089 

(m elastic; tissue of spleen, 414 
on phagocytosis of (‘lythroeytes in lymph- 
glands, 400 

Schultz, K., on elastic tissue of bone' and 
periosteum, 154 

Schultze, K. E., on trachea and lungs, 589 
Schultze, M., on blood- platelets, 491 
on cartilage-cells, 140 
on (;(dl-membrane, 9, 28 
on cells of rede rnucosum, 9.5 
on constitution of tissues, 119 
on neurofibrils, 210, 245 
Schultze, <)., on cell-granules, 22 
on development of nerves, 244 
on seeretioii-granules of ])ancieas, 500 
Schultze, W., on islets of Langerhans, 502 
Schwalbe on elastic lilacs, 105 
on lymphatics of bone, 154 
on nutritive canals of bone, 154 
osteoporosis of, 105 
on regeneration of cartilage, 142 
on size of muscle- tibres, 174 
Schwann on cell-structure, 8 

on development of muscle -fibres, 194 
sheatli of. See Neurolemma, 
white substaufa; of. See Medullary sheath 
Schwartz on ganglia in luarrt, 427 
Schwarz on accessory glands in epididymis 
of rat, 089 

Schw(;igger-Seid(‘l cm cardiac muscle, 199 
on endocardium, 424 
on lymphatics of liearl, 424 
of muscle, 192 
of tendon, 115 

on number of Malpighian corpuscles in 
kidney, 594 
on stomata, 417 
on uriniferous tubules, 590 
Schweitzer on lymphatics in periodontal 
membrane, 494 
Sclerotic coat, I Of) 

Scott, J. (J., on action of pituitary on blood- 
vessels, 095 

on hormones for milk-secrel ion, 484, 057 
Scott, E. 41., on chro/]iatolysis, 212 
on functions of nucleus, 58 
on leucocytes, 488 

Scrotum, 190, 454, 450, 010, Oil, 028 
dartos muscle of, 19(), Oil 
Sebaceous glands, 440, 409, 474, 475, 470 
in areola of mamma, 480 
development of, 472, 474, 470 
in labia majora, 007 
in skin of penis, 028 
Secondary arcoUe of Sharpey, 100 
dentine, 500 


Secretin, 559 
Secreting cells, 444-440 
changes, 440-449 

Secretion-granules or seeretory granides, 
89, 445, 440, 447, 448, 449 
in gastrii' glands, 541 
in kidney, 599 
in pancrt‘as, 559 
in salivary glands, 51(5 
Secr(‘tory canaliculi, 442, 444, 518, 541 
Sedgwick on develoi)ment of nerves, 244 
Seemann on formation of eryf hrocytt's, 474 
on spleen, 414 

Seidell on iodine-containing mateiial of 
thyroid, 070 

S(4ppe on elastic tissue of heart, 324 
Sclav linos on nerves of testis, 024 
Seleniewsky on ciliated cells, 75 
Semicircular canals, 284 
Semilunar valves, 323, 424. 320 
Seminal vesieles, (514, (514 
coagulating gland, (514 
Seminiferous tubules, (511, (51(5, (518 
amitotic cell-division in, 40 
Sense-epithclia, 84, 287 
Sense-organs, 259, 281. See Nervisendings 
auditory (cocldear), 281, 284 
(vestibular), 284 
gustatory, 281, 283 
olfa(;tory, 282 
visual, 282 

S(‘ptum pectiniforme, 031 
Serous cells, 515 

coat, 522, 525, 54(5, 553 
glands, 515 

membranes, 85, 115, 124, 12(5, 415-419 
di'velopment of, 419 
Series, glands of, 505 
Sertoli, cells of, 01, 024, 025, 027 
Seventh nerve, .401, .402 
nucleus of, .402 
])ars intermedia of, 301 
Sewall on gastric; glands, 532 
Shaipey on ciliary movement, 70 

on development of bonC, 1(50, 1(53, 

171 

on e])ithelium, 82 

on history of discoveiw of peiforating 
libres, 151 

lamellar libres of, 149 
on lamina; in dentine, 498 
on osteogenic (ilircs, 15(5 
])erforating libres of, 150, 151 
primary and secondary areola} of, 1(50 
on struerture of bone, 152 
on uterine glands, 0(51 
Shaw, Batty, on deposition of fat, 141 
Sheath of llmde, 240 
of Mauthner, 235 

of Schwann, 234. Sc'e Xeurolemma 
ShephfU'd on disai)])earance of nucleolus during 
mitosis, 41 

She flaw on secretion of Eallopian tubes, (559 
Sherrington on (u>lgi-organs, 280 
on leucocytes, 388, 389 
on muscle- spindles, 279 
perikaryon of, 9, 209 
on regeneration of connective tissue, 
122 

Shoulder- joint, 138 



INDEX 


7^2 

Sicfllocki on formation of di vision-spindle, 
44 

Si(iii;fri(“d (m fibres of rctifonn tissiKs 123 
Silver-nitrate method of staining, 5, 102 
Silvc'ster on lymph v(‘in eonneetion, 3()2 
Sim[)son, Sutherland, on blood-ehannel.s of 
liver, 507. 50S 

on eanalieuli in liver-cells, 20, 508 
on crystals in liv<‘r-c(‘lls, 00 
on lymphatics of liver, 571 
on pituitary body, 094, 090 
dc Sinety on accessory chromosomes, 50 
Sinus-hairs, 472. See Hairs, tactile 
Sinus of kidney, 590, 002, ()03 
lactiferous, 480 
Sinuses of larynx, 575 
Sinusoids, 344, 347 

of carotid gland, 347, 088 
of cocciygcal gland, 347, 088 
formation of, 347 
of heard, 347 

of islets of Langciiians, 501 
of liver, 347, 5()7, 5(i8 
of parathyroid, 347 
of [)ituitary, OtH 
of spl(‘cn, 347 

of suprarruial capsuh*, .347, 083. 084, 085 
SjoN'all on r(‘ticulum in nerve-cells, 219 
Skein of chromatin, 41 
Skin, 94, 9(i, 125, 345-458 
appcMidagcs of, 445 
(‘pidermis, 445 
glands, 425 
gr'afting, 452 
tru(‘, 452 
vessrds, 343, 344 

Small intestine, 530-553. Se(‘ Intest in(% small 
Smegma embiyonum, 451 
Smirnow on allcient nervc's of luvait, 201 
on ganglia in hear t, 328 
on nerve-endings in luairt, 254, 320, 327 
on nerves of kidney, (iOl 
on sympathetic ganglion-cells, 227 
Snu’eker on enamel of tc(*th, 499 
Sobotta on atrophy of ovarian folli(4es. (>57 
on cpitlu'liurn of gall-bladder, .573 
on formation of corpus lutcurn, 054, 057 
on musculature of uterus, 051 
Soderlirnd on thymus in advaricral age, <180 
Soft palate. 284 

Sokololf on giarid-c(41s and secr’rdory canali- 
cnli, 433 
of stomach, 53(i 
on I’acinian corpuscles, 271 
Solar plexus, 535, 08tl 
Solgcr on ccijtr’osomes, 30 

on rnultiph^ division of nucleus, 44 
Soli on r<'moval of thymus, ()80 
Solitary bundle, 301 

glands, 124, 345, 547, 548, 55t» 

Sommer on epithelium of gall-bhiddcr’, .573 
Spaltcholtz on Idood- va'ssids of skin, 4,50 
on reticidar tissue*, 125 
Spangai’o on changes in t(‘stis with age, (>27, 
042 

on cr ystals in cells of Sci’toli. 025 
V. S})c(‘ on ('na rrrel-droplets, 510 
Sperm-nech'us, 53 
Spermatic cord, 011, 089 
fascia, 01 1 


Spermatids, 55, 020 
Speumatocytos, 30, 52, .54, 75, 020, 021 
mitosis in, 52, 54 

Spermatogenesis, 51, 52, 54-56, 018-023 
Spermatogonia, 018 

Spermatozoa, 37, 52, 53, 54, 55, 57, 70, 429, 
018, 023, 024 
centriole of, 31, 73 
ccntr'osoine of, .52, 023 
chernotaxis of, 7t) 
ciliary movement of, 71, 92 
rheotaxis of, 71 
structure of, 52, 02.3 
tail of, 52, 72, 73, 75, 92, 023 
Sperruin, 020 
Sphincter of anus, 555 
])upilhe, 4 
pyloric, 520 
vagi me, 005 
vcsic.a* interruis, 007 
Spider-cells, 207 
Spina on car tilage*, 142 
Spinal accessory rn'ruc, 299, 300 

bulb, 299. See Medulla oblongata 
cord, 203, 294-298 

(M*ntral canal of, 4, 91, 92, 203, 299 
ganglia, 221, 240 
Spino-(‘(*r(‘bellai‘ tracts, 300 
Spinous cells of r’ctc mucosurn, 440 
Spiral ganglion, 287 
lamina, 285 
Spir(*m, 41 

S])itzer or) iron-group in oxidases, 39 
Sple(*n, 124, 405 414. 503 
bloo<l-llow through, 412 
-vessels, 407 
capsuh*, 405 
(‘llipsoids, 408 
(*ry thro blasts in, 407 
formation of erythrocytes in, 380 
gertn-cent r'(*s. 408 
giarrt-cells, 380, 407 
lymphatics, 413 
lvmpho(n't(‘s, 380 
Malj )ighiari cor pusi'les, 380, 408 
nerves, 352, 414 
])hagocytes. 4t)7 
pigment -gr'annl(*s in, 407 
pul[). 400, 408, 410 
reticidurn-cells, 400 
ser’ous eoat, 405 
trabeeuhe, 405 
veins, 410 
vemuis sinuses, 410 
S pongio blasts, 2( )5 
Spongioplasni. 18, (52 
S])tonck on car tilage, 142 

Spuhu- on dcvelopm(‘nt (►! blood-(*orpuselos, 
355, 382 

of connt'tdi ve-tissuc tibres, 117 
Srdinko on sujrrar'cnal ca])sul(% 083 
Standfuss on Maljrighian cor puscles of kidney, 
002 

Stannius on lyrnphatiri hearts, 300 
Statkewitsch on islets of Langerhans, 501 
Stein on lymph-glands. 39(5 
Steinach on capillaries of rabbit’s mesentei’y, 
340 

Stellate cells of v. KupITcr, 345, 507 
Stensen, tluct of, 510 
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Stemo-clavicular joint, 138 
Stevens, N. M.,on accessory chromosomes, 5(i 
Stevens, T. (l.,on atrophy of ovarian follicles. 
1)57 

Stewait on hair-folli(!:le in negro, 41)5 
Stewart, (4. N., on struetiii’(* of erythrocytes, 
373 

Sti(‘da on carotid and coccygeal glands, (>81) 
on epithelium of caiuncula, 95 
on loss of pigment in hairs, 4(54 
on mode of replacement of hairs, 474 
on spleen, 412 
on structure of h'stis, (542 
Stigma of (Jraalian follicle, (54(5 
Stigmata of capillari(‘s, 345 
Stil(!s on lymphatics of mammary gland, 
484 ‘ 

Stilling on carotid and (;occygeal glands, (>80 
on regeneration of plain muscle, 197 
on suprarenal capsule, (583 
Stilling, \V\, on attac'hmmit of traciu'alis 
muscle, 589 

on hlood- vessels of skin, 15(5 
on nei v(‘s of epiglottis, 577 
of trach('a and lung, 589 
Stoerek on cells of coccygeal gland, (588 
on kidney-tuhulcs, 595, (502 
on s(*crction-granuh\s in medulla of ad- 
jcnals, (585 

Stohr on arrangi'mcnt of hairs, 4(55 
on crcscent-c(‘lls, 517 
on development of hairs, 472 
of solitary glands, 548 
on gland-cells and si'cretorv <‘analiculi, 
433 

on hair-follich's, 4(5(5 
on lymphoid tissu(‘ of tonsils, 521 
on migratoi’V huicocytcs, 394 
on thymus gland, (579 
Stomach, 523, 525-53(5 
l)lood- vessi'ls, 534 
cardiac glands, 528, 529 

change's with activity, 532 
orifice, 535 

( l ypts of Lieberkiihn, 533 
fundus glands, 531 

central or chief c('lls, 435, 531 
changes with acti\ ity, 532 
])arietal or oxyntic c('lls, 43(5, 531 
secrctoiy canaliculi, 133, 531 
variations in different animals, 532 
lining (‘[)it}iclium, 88, 527 
lymphatics, 535 

inucous iiK'inhranc, 441, 443, 444, 52(5 
junction with (jcsophagus, 88, 527 
jym{)hoifl tissue, 143, 534 
muscularis mucosa', 442, 533 
ruga', 41 1 , 527 
museulai’ c<)at, 525 
ne'rves, 535 
pyloric glands, 539 

p(^psin-s(‘cr('ting c('lls. 43(5 
sphincter, 52(5, 535 
pylorus, 535 
serous coat, 525 
subnuicous ('oat, 52(5 
Stomata in pleura, 589 

in serous membranes, 357, 417 
vStrasburger on cilia in plant spores, 75 

on ectosarc of (Ethalium septicum, 15 


Strashurger on reduction of chiomosomes, 
5(5 

Stratum corneum, 04, 449, 449 
germinativum, 44(5, 451 
gianulosum, 94, 447 
iiicidilm, 94, 448 

Stratz on corpus luteum, (554, (557 
Streiif on vesicles of thyroid, (5(59 
Stria vas«*ularis, 287 
Striated border of columnar cells, 8(5 
Stiicht, V^'an der, on atresic follicles of ovary, 
(557 

on bone-structuie, 153 
on cartilage, 142 
on centrosome of nerve-cell, 211 
on corpus luteum, 654, (557 
on development of blood-corpuscles, 378 
on mitotic division of leucocytes, 30 
on multiple division of nucleus, 41, 44 
on secretion-changes in kidney-i ells, ()()2 
Stiicker on capillaries of rabbit's mesentery. 
346 

on development of bhxxl- vessels, 37(5 
Stroma of c(K'cygeal gland, 688 
of erythrocyte, 369, 373 
of ovaiy, 643 
of prostate, (549 

Strong on ])hysical theory of muscle- and 
nerve-conduction, 8 1 
Studnicka on Hbres in dental j)ulp, 403 
on librils in devi'loping dentine, 598 
Stumme on pit uitary body, (502 
Stylo-hyoid ligament, 114 
Subendocardial ncrve-ph'xus, 326 
Sublingual gland, 425, 515, 518 
m'l ves to, 432 
Sublobular v<'ins, 5(55 
Submaxillai y gland, 425, 515, 516 
m'l’vcs to, 432 

Submucous (‘oat, 441, 523, 52(5, 535, 555, (50(5, 
697 

Substantia jiigra, 219, 398 
Sucrpiet on blood-v(‘ssels, 351 
SudorilV'rous glands, 477. See Sweat-glands 
Superadded cells of fundus glands, 531. St'c 
Parietal c('lls 

Superior olivai v nu -knis, 393 
Supranaial blood-vessels, (583, (585 

capsules or acbcnals, (527, (568, 681- 
685 

C(mi])arative morphr)logy, (585 
cortex, 683 

in clasmobrancli fishes, (585 
fmtal, (584 

zona fascieulata, 682, 683 
glonx'rulosa, (582, 683 
reticulata, (582, 683 
d('velof)mcnt, 685 
lymphatics, 683, 685 
mcdidla, 682, 684 

Surface t('nsion of aimeboid C('lls, 21, 7(5 
of ciliated cells, 76 
in muscle-libril, 189 
of nuck'us, 38 

Sus|)ensory ligameiit of pc'iiis, (520 
Sust('ntacular cells in macuhe and cristjc, 
285 

in olfactory epithelium, 288, 4^6 
in organ of Corti, 287 
in taste-buds, 283 
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Sutton on accosrtory chromosomes, 56 
Svvai ts on parathyroid extirpation, 676 
Sweat-Glands, 425, 426, 446, 45#*!, 477-470 
development, 470 
distribution, 478 
duets, 446, 470 
structure, 477 

Sylvius, aqueduct of, 4, 308 
SyrniuGton on ])harynGoal tonsil, 520 
Sympathetic chain, 203, 206 
Ganglia, 226, 240 
develo|)ment, 680 
vessels, 350 
nerves, 203, 232, 206 
Symphyses, 130 
Symphysis pubis, 138 
Synapse, 216 

Synapsis in division of G^'^erative cells, 51 
Syuaptic chaiiGcs of G^iai-cells, 54 
of ovum, 51, 651 
phase of c(‘ll-division, 54 
Syncytium, 2, 107, 116, 355 
in cardiac muscle, 108 
in liver, 570 

in vascular area of mesodenn, 353, 373, 374 
Synovia, 420 

Synovial membranes, 420-423 
as secr(‘tinG gland, 424 
Szily on cell-dovelopnient, 3 

on development of connective tissue, 121 
Szy mono\vic!Z on (D’andry and Herbst cor- 
puscles, 272 
on nerves of hairs, 47 1 


Tactile eorpusclcs, 260-262 

in (ditoris, (i67 
development, 262 
in nails, 461 
in skin, 455, 458 
in tonGue, 401 
hairs, 468, 470, 471, 472 
menisci of Ranvier, 276, 457 
O’ait on amphibian thrombocytes, 303 
on invertebrate thrombocytes, 302 
Takaki on Granules in kidney-cells, <>01 
on structure of kidney-cells, (>02 
Tandlcr on physiology of pituitary body, 606 
Tarchanolf on capillaries of rabl)it's mesenteiy, 
346 

4 aste-buds, 4, 283, 400 
in laryjix, 400, 576 
Tawara, node of, 323 

on aiiriculo-vent ricular bundle, 200, 322 
Tcbb on reticular tissue, 123 
'rectorial membrane, 287 
OVM'th or Tooth, 4, 466, 402 514 
alveoli, 402 
blood-vessels, 403, 512 
canine, 503, 512, 514 
ccnuMit or crusta petrosa, 401, 500 
crown, 400, 402, 510, 512 
cus(), 402, 512 
dentine or ivory, 405 
development, 501-5 1 4 
enamel, 404, 401> 
fang, 402, 403, 500, 511 
incisor., 503, 512, 514 
lymphatics, 404 
molar, 503, 512, 514 


Teeth or Tooth, neck, 402 
nerves, 403 
permanent, 512 
of succession, 512 
superadded, 513 
pre- molar, 512 
pulp, 403 
root, 402 
wisdom, 514 
Tegmentum, 308 

Teichmann on haunin crystals, 371 
on lacteal s of villi, 540 
Tela choroidea, 320 
Tello on motor end-organs, 258, 250 
on neuro-librils, 217, 218 
Tellyesnicky on nuclear changes, 68 
Telolernina, 255 
Telophases of karyokincsis, 44 
Tendon, 100, 110, 111, 115, 138, 151 
capillaries, 115, 343, 344 
cells, 112, 113 

ending of muscle in, lOO, 101 
insertion in bone, 151 
ossification, 152 
sheaths, 420, 422 
Tenth cranial nerve. See Vagus 
Tentorium cendxdli, 318 
Testicle or Testis, 4, 424, 425,420, 610 (127, 
680 

blood- V(‘ss(4s, 624 
changes with age, 618, 627 
coni vasculosi, 01, 612, 613, 615, 618 
corpus Highmori or mediastinum testis, 
612 

cremaster musch', 61 1 
elferent tubules, 612 
epididymis, 612, 613 
cells of, 615 
tube of, 612, 615 
infundihuliform fascia, 611 
interstitial cells, fill, 624, 625 
inteitid.)ular substaiu'e, 624 (‘>26 
lobuli, 611 
lymphatics, 357, 624 
mediastinum. See Corpus Highmori 
nerves, 624 
rete testis, 612 

tubuhss of, 612, 615, 616 
rudimentary structuies, (>26, 627 
appendix of epididymis, (>26 
of ret(' testis, (>26 

of testicle or hydatid of Morgagni, 62(‘> 
organ of ( draldes or ))ai'adidy mis, 627 
vasa alx'irantia, 626 
scrotum, 610, 611 
seminiferous cadis of Scaloli, (>21 
membranous wall, 611, 617 (>1S 
spermat ids, 620 (>21 
spc'rmatocnTes, (>20 (>2 1 
spc'rmatogonia, 6 1 8 
spermatozoa, 6 1 8-624 
tubulc's or tubuli contorti, 611, 616- 
623 

septula testis, 611 
spermatic (*ord, 611 
fascia, 611 

tubuli contorti. See Seminiferous tubules 
recti or straight tubulc's, 612, 618 
tunieva albugint;a, 612 
vasculosa testis, 612 
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TcstkTe or Tost is, tunica vaginalis, 415, (ill, 
612 

vas deferens, 612, 614 
ampulla, 612, 614 
ejacuLatory duct, 614 
vasa elferentia or efferent tubules, 91, (>12, 
614 

vesicuhe seminales, 612, (514 
coagulating gland, 614 
Tetany from removal of parathyroids. 675 
Tetrads, .'>5, 56 

I'lialamus, 292, 299, 204, 216, 217 
Tlicrmotaxis, 7 1 
Thigmotaxis, 70 

Third nerve, nucleus of origin, 208, 309 
Thom on lymphatics of ])ituitary, 696 
Thoma on arteries in age, 227 

on enuuieralion of blood-corpuscles, .266 
on imbibition of water by ])rotoplasiu, 69 
on intercellular fibrils, 95 
Idiomas on fadal cortex of sunrarenal ea|)sule, 
684 

'riiome on phagocytosis of erythrocytes in 
lymph-glands, 400 

Thompson on anatomical redations of para- 
thyroid to thyroid gland, (>75 
(jii islets of Langerhans, 562 
on parathyroid extirpation, 676 
on parathyroids, 675 

Thoracic duct, 256, 258, 260, 261, 262, 551 
'Di I’ombocytes, 291-292 
function, 292, 392 
in lymph, 394 
number, 392 
origin, 292 

Thymus, 4, 122, 12<), 6(58, 676 681 
Idood- vessels, 680 
development, 668, 678 
function, 668, 681 
Hassall’s corpuscles, (57(5-679 
lobnh'S, (576 
lymy)hat ics, 68 1 
nerves, (581 
reticulum of, (577 
Thyrohyoid ligaments, 114 
ThvT'oid cartilage, 574 
gland, 4, 87, 668 (572 
accessory, (571 
colloid, (569 
development, 4, (5(58 
function, 671 
nerves, 672 
pathology, 671 

variations in a])pcarancc, (570 
vesicles, 4, 669, 670 
vessels, 672 

Tillmanns on lymphatics of synovial mem- 
branes, 423 

Timofeew on nerves of testis, 624 
on ovary, 657 
Tissues, elementary, 1 
development of, 3, 4 
Toldt on adipose tissue, 120 

on a])peiidices of testis and epididymis, 
642 

on lunuhe of nails, 459 
on vasa aberrantia and paradidymis, 642 
Tomes, C. 8., on animal matter in enamel, 499 
on enamel organ, 100 
on formation of criista petrosa, 512 


Tomes, (\ S., on histology and development 
I of teeth, 501, 514 

Tomes, ,1., fibres of, 493, 509 
on Haversian spaces, 152 
on tubides in enamel prisms, 498 
4’omsa on blood-vessels of skin, 456 

on lymph- vessels of testis, 257, 642 
Tongue, 488 492 
glands, 489 

mucous membrane, 488 
muscular tissue, 488 
])a])illa', 490, 491 
taste-buds, 490 
' 'ronsils, 124, 520 
Torre on erythroblasts of birds, 385 
de la Torre on nerves of uterus, 665 
Touch-bodies, 260. See Tactile corpuscles 
Toynbe<‘ on blood-vessels of synovial mem- 
branes, 423 

To/.cr on nuclei of secreting cudls, 429 
on nucleoli, 37 

Trachea, 4, 91, 92, 444, 577-580 
cartilages, 577 
glands, 444 

mucous membrane, 578 
structure, 578 
vessels and nerves, 579 
Tracla'a* of insect muscle, 185 
Tract or Tracts . 

of fillet, 299, 203, 204, 308 
of Flechsig, 29(5 
of <4ow('rs, 29(5 
of Monakow, 200 
optic, 210 

of ])yramid, 296, 300, 214 
rubro-spinal, 29(5, 200, 310 
Trapezium, 302 
Trapezoid nucleus, 203 
Traube on s\irface-films, 21 
'rrautmann on small intestine, 541, 546 
Trendelenburg on auriculo- ventricular bundle. 
200 

I’retjakoff on structure of sinus-hairs, 472 
Trigeminal nerve, 200. See Fifth nerve 
Trigone of bladder, (507 
Trophospongium, 27, 87, 421, (515 
Trotter on restoration of function of divided 
nerves, 249 

Tschassownikovv on islets of Langerhans, 562 
Tscheboksaroff on mu’ve-supply of adnuials, (585 
Tscher/nak on sensory endings of depressor 
nerve in aorta, 352 
'rschistowitsch on leucocytes, 288 
Tubercle of Rolando, 200 
Tubercles, anterior, 208,210 

posterior, 308, 210. vSee also Corpora 
quadrigemina 

Tuekett on suprarenal capsules, 683 
Tulke on sweat-glands, 478 
Tunica albuginea of corpora cavernosa, 621 
of testis, 109, 612 
of ovary, 643 
vaginalis, 415, 611, 612 
vaseulosa testis, 612 

Tiirck on d(;velopraent of blood-corpuscles, 
278 

Turner, J., on reticular investment of nerve- 
cells, 219 

; Turner, W., on blood- supply of lung, 588 
on vessels of pleura, 589 
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Twelfth nerve, origin of, 3(K) 

Tynipaniirn, 4 

Tyson on glandnia? odoriferje, (128 

LlMBiiJCAf- arteries, 342 
of fwtus, 33(), 342 
cord, 121 
vein, 342 

Tniia on lunula of nails, 459 
on lyinphaties of skin, 450 
on mode of replacement of hair, 474 
on pigment-cells in skin, 453 

lhachus, 007 

Iheter, 4, 97, 004 (iOO 
adventitia, 004 
mucf)us memhrane, 97, 004 
muscular coat, 005 
iK'ives, 000 
orifice, 000 
valve, 000 
vess(“ls, ()00 

rrethra (fernahd, 4, 007 
(male), 4, 97, ()35 (139 

(\)wper s or bulbo-ui’cthral glands, 038, 
()39 

development, 4, 97 
glands, 425, 030 
membranous portion, 030 
mucous meunbrane, 035, 037 
glands of liittre, 037 
gol)lct-{'(‘lls, ()37 
iacuna\ (>37 
prostatic peu’tion, 035 

crista urothrjc or colliculus seminalis, 
035 

prostatie; sinus, 035 
utiiele, 035 
spongy ])ortion, 030 

rrinary bladder, 4, 83. 97, 590, 0()0-0(.)9 

I 'riniferous tubules, 591-001 
l)as(‘ment-Tnefnbrane, 597 
collecting or straight, 591, 597 
development, 002 
epithelium, 597 
first convoluted, 595 
iunctional, 59() 
looped, of Henle, 591, 595 
n(‘ck, 594 

second convoluted, 590 
structure, 597-001 
/ig/ag, 590 

ITerus, 042, (>59, 000 005 
bicornuate, 059, 001 
blood- v(*ssels, 002, (i03, 004 
1)0(1 y, 000, 004 

capillaiics dining gestation, 345 
cervix, 000, 002 

ehangi's in during gestation, ()02, 003 
aftiM’ menopause, 004 
during menstruation, 002, 003 
after parturition, 0()4 
fundus, 0()0 

glands, 425, 444, Otil, 002 

eystie enlargeumait of, after menopause, 

‘ 004 

lymphatics, 004, 005 
maseulinus, 030 

mucous membrane, 441, 000-002 

chi'iirotactie action on spermatozoa, 70 
ciliated e])ithelium in, 91, 02 


i Uterus muscle, 190, 0()0, 001 
j nerves, 005 

I Utricle, 284 
j prostatie, 030, 040 

1 Uvula vesiea\ 035 

! 

I Vaccolation in nucleus, 38 
I Vacuoles in ])roto))lasm, 27 
I Vagina, 441, 445, 000, 010, 042, 005-01)7 
blood-vessels of, (>(>5 
(“olumns of, 005 
dev(‘lopment of, 97 
lym])hatics of, 000 
nerv(‘S of, 000 

i stratified e|)ithi*lium of, 90, 005 
I Vaginal synovial nu inbram's, 420 
I Vagus or tenth nerv(‘, 552, 559, 588 
descending sensory root of, 301 
ganglion of trunk of, 221 
origin of, from medulla oblongata, 300. 

301 

Vald<‘, Van de, on (md-hullis, 203 
on J^icinian corpuscles, 270 
on special tactile end -organs, 259 
on tactile eorpuseles, 201 
Valedinsky on ganglia in heart, 328 
on nerve-libri's to heart, 320 
V. la Valette St. (.h'orge on t(‘stis, 042 
Valv(‘ or Valves : 

cardiac, 322, 323, 324 
of fo.s.sa navicu laris, 037 
il(‘o-c()lic, 553 

of Kmkring. See \5ilvula' eonniventes 
of lymphatics, 359 300, 45() 
smnilunar, 323, 324 
of ureter, 000 
of veins, 339 340, 300 
Valvuk'c eonniventes. 441, 523, 537 
distribution, 537, 538 
structure, 537 

Vanlair on iK‘i‘V(‘-regen(‘ration, 248. 250 
I Vas aberrans, 02(i 

deferens, 010, (>13, (il l 
am])ulla of, (ilO, ()13, (>14 
structure of, 013 
Vasa aberrantia, (>20 

alleri'nlia of lym])li-glands, 397 
etferentia of lymph-glands, 397 
of testis, 9i, 012, ()14 • 

va.soi um, 340 
Va.scular system, 4, 321 
V'asoformative ci'lls, 355, 381 
Vater, corpnsch's of, 200 
Veeehi on eanalieiili in decirlua-eells, 25 
Vein or Veins, 337 342, 347-351 
blood-supply, 340 
external coat, 338 
internal coat, 337 
iniddl(‘ coat, .338 
mode of distribution, 337 
nerves, 351 
small, 347 351 
spt'cial: 

axillary, 338 

azygos, 338, 340, 300, 3()2 
of birds, 340 

of bone, 154, 337, 339, 340 
of bone-marrow, 154 
of cardiac muscle, 200, 324 
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Vein or^Veins, special: 
cerebral, 341 

of corpora cavernosa, 339, 933 
crural, 338 
of diploiS 154 
of dura iiiater, 330 
external iliac, 338 
of fishes, 340 
of heart, 200, 324 
hepatic, 338, 340, 509 
iliac, 338 
intercostal, 340 
intracranial, 337, 340 
of kidney, 338, 340, 341, 591 593 
of luiiKs, 337, 340, 58(i, 587 
mesenteric, 338, 350, 534 
ovarian, 340, (>55 
[)anipiniform j)lexus of, <>55 
of pia mater, 339 
of placenta, 342, 339 
portal, 338, 310, 534, 593 
of reptiles, 340 
of retina, 339 
small, 347, 349 
speianatic, 338, 340, 924 
of spinal canal, 337 
of spleen, 338, 407 413,534 
superior mes(‘nt('ric, 338 
umbilical, 338, 340 
of uterus, 310, 995 
valves of, 339 
of V(u tebra‘, 154 
of vertebral canal, 340 
Velum inter positum, 320 
Vena cava, 338, 340, 351, 59<) 
irdVrior, 340, 5<)() 
middle (loat of, 338 
su|)erior, 340 

porta*', 338. (See V5‘in. Poi tal 
Vena* cornites, 337 

luagme (laleni, <>99 
Venous sinuses or sj)a(‘(“s, 350 

of erectile tissue, 350, 931, 932, (>34 
of ganglia, 350 
of ])lacenta, 350 
of spleen, 350, 351, 410 
Ventral longitudinal bundle, 300, .309, 310 
V^entrielcs of brai?!, 4, !<!, 92, 203 
of heart, 200, 322, 323 
of larynx, 574, 575 

Vmitro-lateral descending tract of s])inal cord, 
299, 309 

Vermiform a|)pendix, 553, 554, 55<) 

Vermis of cerebellum, 300, 305, 309 
Vernix caseosa, 451 
Verson on larynx, 577 
Vervvorn on barotaxis, 70 
biogens of, 10 
on biotonus, 71 
on (;ell-respiration, <>1 
on functions of nucleus, 58 
on galvanotaxis, 70 
on neurone theory, 215 
on pigment-cells, 109 
on theory of muscle-coiitraction, 189 
on vital ph(*nomena of protoplasm, <>1 
Vesicle, germinal, (>48 
prostatic, ()3<> 

Vesicuhe seminales, 425, 444, 913, <>14 
diverticula in, (>14 
VOL. ir. PART 1. 


Vesicuhe seminales, mucous mi^mbrane. of, 
444, 914 

Vestibular division of eighth nerve, 288, 303 
nuch'i of, 303 

Vestibule of internal ear, 284 
of larynx, 574 
of terminal bronchiole's, 581 
of vagina, 4 

Vierordt on enumeration of blood-cor])UScles, 
399 

Vignal on develo))ment of nerves, 244 

on growth in h'ligth of m'rve-Hbres, 245 
Vignon on ciliated cells, 72 
la V51la on ganglion-cells in iMeissiu'r’s plexus, 
227 

Villi, arachnoid, 320 

intestinal, 443, 538 545, 551 
fat-absorption in, 542-545 
leucocytes in, 395, 542-545 
lymphatics of, 359, 551 
synovial, 422, 423 

N’ineent, Swale, on action of pitjiitai’y extract, 
995 

on carotid and coecygeal glands, <>89 
on chromaphil bodies, (>87 
on luemal glands, 492 

lymph-glands in biixls, 403 
on internal secretion, 9<)8 
on islets of Langerhans, 5()2 
on paraganglia, 989 
on parathyroids, 974 
on suprarenal ea})sules, 983 
on thyroid and myxoidema, <>71 
\'ineen/i on ner ve-C('ll synapses, 21<> 
oji neurolibrils, 217 

Virchow on arteria* recta* of kidney, 592 
on boiu'-eells, 148 
on h.ematoidin crystals, 371 
on j)arathyroids, 973 
Visentini on islets of Langerhans, 5<>2 
Vital! on n('rv('-endings in nails, 491 
V9t('llus, <>48 
X'itreous humour, 121 
Vocal cords, 91, 114 

inferior or true, 574, 575 
superior or fnls(', 574, 575 
Voegtlin on parathyroids and tetany, 979 
\5>g(*l on cartilage, 147 
Vogt on nunoval of thymus, <>89 
Volk maun, canals of, 147 
Vulva, <)19 


Wa(jenkh on structure of eardiae muscle, 292 
Wagner, macula germinativa of, <549 
on tactile corpuscles, 2<)9 
Waldeyer on appendices of testis, 942 
on cells of eonneetive tissue, I9() 
on devc'lopment of connective-tissue 
libivs, 117, 118 
of enamel, 511 
of teeth, 514 

on ground-substance of bone, 158 
on hairs, 4<>3 

on history of karyokinesis, 41 
on interci'llular substance', 7 
on keratohyalin, 94, 447 
on nerve-iibres to lym])hatic hearts, 399 
on nervous networks, 274 
on neurones, 299, 213 
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AVuIcleyer on ovary, (357,658 
on paradidymis, 627 
on pigmont-cclls in skin, 453 
plasma-collH of, 671 
on spornmtozoa, 642 
on thymus in advanced age, 680 
on ureter-sheath, 606, 609 
on urethra, 642 

Walker, V. K., on amitotic cell-division, 40 
on cell-structure, 9 
on division of megakaryocytes, 384 
on formation of germ-cells, 55 
on leucocytes of amphibia, 390 
on ncrvc-cells, 211 
on nucleoli, 37 

on nucleus of scereting-cells, 439 
on number of chromosomes in cells, 41 
staining method of, 37 

Walker, G., on blood-vessels of prostate, 642 
on coagulating gland, 614 
on function of colliculus seminalis, 636 
on prostate, ()42 

Walker, J. H., on carotid and coccygeal 
glands, 689 

\V5illacc on accessory chromosome, 56 
VV^aller on degeneration of nerve, 245, 251, 252 • 
Wallerian degeneration, 58, 213, 232, 245 
Wallis on llassall corpuscles, 677 
Wander-cells, 107, 108, 129 

in developing hair- bulb, 473 
fixed, 207 

Warrcii on skin of back and shoulders, 443 
Warrington on spinal ganglion-cells, 241 
Warthin on luemal glands, 402 
on marrow lymph-glands, 403 
Waters on anatomy of lung, 589 
Watney on epithelium of stomach, 528 
on giant-cclls in thymus, 679 
on lymphoid tissue of stomach, 534 
on muscular tissue of intestinal villi, 541 
Watson, Chalmers, on granules in kidney- 
cells, 601 

on variations in thyroid gland, ()70 
Watson, J., on hydatids of Morgagni, (>42 
Weber, A., on secretion-granules in para- 
thyroid-cells, 674 

\Wber, M., on arrangement of hairs, 465 
Weichselbaum on islets of Langerhans, 561, 
562 

Weidenreich on blood-forming organs, 396 
on eosinophil granules, 390 
on luemal glands, 402 
on intercellular bridges, 96 
on keratin isation in epidermis, 449 
on shape of erythrocytes, 36(5 
on spleen, 414 

on structure of erythrocytes, 373 
Weigert on neuroglia, 207 
Weismann, amphimixis of, 56 
biophores of, 10 
on germinal selection, 10 
on mechanism of heredity, 10, 56, 57 
Weissenberg on striated muscle in thymus, 
679 

Weicker on dentine tubules, 497 

on enumeration of blood-corpuscles, 366 
on epitric Ilium, 450 
Welsh on parathyroids, 672, 673, 674 
Wenckeba^jh on auriculo-ventricular bundle, 
200 


Werner on structure of cardiac mu*^cle, 197, 
198, 202 

Wesbrook on leucocytes, 388 
Westphal on cells of connective tissue, 106 
Wliarton, duct of, 517 
jelly of, 121, 131, 342 

I Whitehead on development of interstitial 
j cells of testis, 642 

Whiting on ellipsoids in spleen, 409 
i Whitwell on neuroglia, 207 
[ Wiesel on accessory suprarenals near epi- 
I didymis, 642 

Wicsiier on plasomcs, 24 
Willanen on corpuscles of Grandry, 272 
Williams, D. J., on glands of cardia, 530 
Williams, J., on muscle of Fallojuan tube, 659 
on muscle of uterus, 660 
on uterus during menstruation, 663 
Williams, J. D., on epoophoron and par- 
oophoron, 658 

on muscular coat of Fallopian tube, 659 
Williams, J. L., on development of enamel, 
510 

Williams, W. W., on iodine-containing material 
of thyroid, 670 
Willis, circle of, 696 

Wilson, F. B., on accessory chromosome, 56 
on artificial astrospheres, 32 
parthenogenesis, 57 

on numb(‘r of chromosomes in cells, 41 
on structure of protoj)lasm, 19 
Wilson, J. G., on auriculo-ventricular bundle, 
200 

on taste-buds, 490 
Windpipe, 114, 132. See Trachea 
v. Winiwarter on formation of germ-cells, 55 
on interstitial tissue of human ovary, 
657 
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